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ELECTRONIC ASSEMBLY

-

§ELF—INSTRU6TIONAL TRAINING SYSTEM FOR THE DEAF:

«

DOCUMENTARY -REPORT

PURPOSE"OF THE REPORT

" The purpose of this report is to document the origins and development
of the Elettromic ASsembly Self- Instructlonal Training System for the

Deaf. The content and functions of the system are described, together

-

-with the instructional concept on which the system is based. Both the

conceptual and developmental antecedents of the system are identified.
‘ : \ - ’ )
An evaluation of instructional and. administrative effectiveness is

based on tryout aad classroom experience.
" [}

SUMMARY ,

The objective' of system development was to provide a self-instpuctional
eurriculum which would prepare deaf high school students for entry-level

electronlc assembly. jobs in industry. A second objective was'to 'base ,

‘-sjptem development on a model of instruction which could serve for the

development and improvement of other currlculum, both vocatlonal and

academic. . ° )
e . .

f< °
"~ a

A course of instruétion was devised consisting ofsseven discrete units, .
each encompassing progresslvely more complex aspects of the electronlc
assembler s job. The t1tles of -these units are: 1) Mechanical '

Assembly, 2) W1re Preparatlonf 3y Assemhgy Solderlng, 4)'Wire

'Installatlon, 5) W1re Harfess Bulldlng and Installation; 6) Componen&

Instillatlon, and 7) Electyonic AssEmbly Rework Fechnlques. In the

process of completing these units, the tralnee acqulres the knowledge
¥

and performance sKkills necessary for assemblying electronlc chassis

~and pr1nLed circuit boards, "and learns to work 1ndependently from in-

&

dustrial assembly‘ﬁraw1ngs and wiring diagrams. - e

v

-




. . . : . )
v 4 : o .
The traineg receives individual instruction at a workbench equipped
. )

with electronic assembly tools, parts, and materials, and a 35mm film-

strip projegtor and screen for individual viewing. - S

Instruction is presented in the form of coordinated ﬁroérammed

téxtbook'andvfilmstriﬁ materials. The trainee learns at his own
paece, responding te instruction by ertering written answers into
his textbook, and by performing electronic assembly tasks §§ the

workbench.
. -

The system does not eliminate the need for a classroom teacher.
. Guided by a prog¥ammed manual, the teécher periodically monitors
and evaluates the ;%ainee:s‘ydrk, administers. achievement tests
upon completion of each of.the seven instructional units, and

refers the trainee to remedial instruction as necessary. '

, . P .
The contept for the system derived from a World War II audiovisual
training program, sutcessful production—aid applicat%?ns of learner-
centered audiovisual instruction in industry, -and.research in pro-

grammed'learning effectiveness for the deaf and mentally retarded. ’

. Projectvdevqldpment was proposed in 1966 and began in 1967. By
the epd of 1969, ; prbtotype version of the entire §ystem héd been .
g completed énd ﬂad undergone Efyout at the Oregon School for the
Deaf; Saléﬁ, and tﬁe'California Schoolsafor the Deaf, Berkeiey‘and

‘Riverside. ) ° N (

e | After. revisiod of instructional materials based on tryout results,

a classroom ve@éioﬂ\was produéed for demonstration and evaluation

in schobi% for the deaf and rehabilitation settings. During the ‘

fall semes&et 1970;'this versfog.was introduced into the curri-

culum at the Califorﬁia Schools for the Deaf, Berkeley and River-

St side; American School for the Deaf, Wesg Hartford, Connecticut;
. and the Salem_Rethilitatian Center,.Oregon.v Eighé workbenches

“were 4dnstalled at Americéh School for the Deaf; six at the Calif-

ornia‘School for the D?af, Berkeley;.and five 2ach at the Calif-

, ' ., ornia School for .tHe Deafl, R}vgrside, and the Salem Réhabilitation.

" Facility. ’ o

g. - ' 3 ,—2143 ’
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At the Salem Rehabilitation Facility, the syStem is being deﬁonStra—

ted and evaluated for use with other handlcappod populat10n9 in

',9

addition to the deaf i

o Experience in administeriﬁg instruction to approximately 85 _— "
trainees indicates that the system is both insrrectionally
effective and eeonomical: a workbenclr can be installed, complete
with electronic assembly gear and filmstrip projector and screen
for $1,000 or less. The cost of expendables for eaéh trainee_can

- be less than $35.

Deaf trainees of normal. intelligence, but with reading érade
levels as‘low as 3.5, have successfully completed the éouree of |
.1nstruction and met the specified performance obJectlves. AGerége
time for completing instruction is approximately 100 hours,‘with
individual completion times ran%ing from 50 hours Qr less to 200

hours or more?/ -

- "~ Length of individual instructional periods appears to be an im-
portant.variable in instructional effeetiveness.z Both thé speed
and quality of the trainees' work has tended to increase wrth
longer instructional periods. No problems exist in holding the

tralnees"lnterest and keeping them at thelr workbenche&)durlng
lod

the longer periods. y

' \

The system appears to be both flexible and adaptlve tQ/ind§V1dua1
learning styles. One consistent characte ristic of,adminlsfratlon

in multiple-woxkbench classrooms has been the spontaneoue\emer—

;*J
gence of peer—tutor relatlonshlps beLween traineeb. RN

f S J

Because programmed learnlng materials bear the burden of communi-
cation and instruction, the classroom instructor need not be an
experienced teacher of the deaf. In facf, experience to date
. indicateS”thaé the best instructor is an experienced electronic
assembler, asqembly supervrsor, or electronic tu"hnlcxan. A com-
- petent LnetrucLor can supervise the, work of 10 tralnees, each at

an individual workbench.

ERIC - | | > | o
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. The system\is Glearly applicable'to .other populations than the
v deaf The self—pacing feature makes it highly attractive for %
. miXed groups with indiw{dual learning differences, Because it = ‘ )
does not require aihlgh level of reading skill and because of W
“its self~m¢t1vat1ng aspects, the system may well serve a broad
range of handicapped and retarded learnmers in: ‘both &chool and
. o . rehabilitatlon “settings. » ’ ’ ' ' .
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DESCRIPTIOV OF THE TRAINING SYSTEH S e AN

-

©

.

‘

e LT S e
Objective of + the Training Systam ) ‘¢,,ﬁ v R x - R
. ~ - . N E oo "':.‘; .
The*nbiective of the Electronic Assembti Seli—lnﬂtructicnal Trdin* .

ing System fer the De&f is to provide the ‘trainee with sﬁarﬁﬁiq n e

skills whlah fwill permit him to compete suucessfulhg.f@r an gﬂtryw n' »
level gab aa an electronin assémbler ia Lndugkry.' '

Tha curriuulum ancampasses egu&n skill &rnaﬁ, each @ne r&pxesentw S .

L
T

ing a progreswivaly nore Lamplax aspegt of. eleatronxc assgmbly R

. ‘ . : v

- wg:ka . ' e - ) S . . i . '_g ’ 4

: 1.. Wecbanical’Assembl%_l,'; -
+2. Wire- Preparation R =y LT .

3. Assembly Solderxng e ‘M,T."". . .
/,give Installation ST | . S <, - “‘é;

Wire Harness Bullding .’ ) N | e /{ o
6. Campﬂnent Installation - S -
7

- 8

. Llectronia ‘Assembly’ Reyurk Technmque

The trainee lﬁarns to read and 1ndepend9ntly wcﬁﬁ%from mn&u trial
a%aﬁmbly &rawing\ and wiring instructiops ang a;qunvew—%h#—%kilﬁﬁ
necc 5dry for making electronic as SQMbllBa- In the prucegs ai
aamplatiug the course of instruc:ion, Lhe traines, Jactually puts
togothgr a m cwanical agaemb;v, uqsemblas an elpetronic terminalﬂ
board chassis, builds and indtalls a wire harneﬂg, and in%tall% o
components on a printed circubt ‘board. . R -

- No theory &g taught. The skills and prnegdure Ieafﬁ?d are anlv,

those tvpically required on the job, as defined by dﬂtailv@ Lask

analyses in induatrial settings, Thus, while the trainee xeafn*- o

to operate vgltage regulators for use with %@xdering 41@ns &nd .  ‘-

thermnl wire atrippa‘uh the werd “valt" Jnd "va]ka&w aru ‘nevier ; .
. ’ : .

l!.‘:"". 7 . ) ) - o . LI ) ‘

1hﬁatrﬁin1n@ system was designed to pr@VI&ﬂ tvrmﬁnal yocational ‘ )
instructi@n for b@th h@vs and girls during the senior year in

hlyn schoels for the d&at* The system wos duqlgﬂwd tor learn@rg
oi nﬁrmal Lntellibenee anid a read{ng lpvel no lwwnr tham the 3.5 ‘ LI

.

grade level.,

e
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B. lInstructional Concebt . - . - N

i

w | ",Exhibit-l*shaws tﬁe basdc model of tutértal%ﬁnstruction which o

' was the point of departure in designing the #rainfng aysted.

As depicted in this model, the’ learner receives an 1ncremen:3bf
1nstruction‘ he rasponds tothe inwtuccion, the rcspon&c is eval-
- uated; thb learnar ra?eivas immedizéé fcedback as to thc quality
' of the response; and selection and prcsencaf&on of the next in-
- ‘ crement of instruction is mada 6n the basis of the preceding

., eval ion. . <.
~o : . e o
~ To the extent that the lesson preseniation. evaluation, and feed-

back Eunctions can be automsted, it is possible to ach;eve

* aucomated. programﬂed instructign. Completely sel’ -instructional -
praerMmed learning is achievcd.wheu thesa functior 1re.,automated
. to the extent that a learner may tndependently meet all’ 1e¢:n1ng
| ‘ objectives uithout_gequiting t%f prasence of an instriogor. With-
: in this context, tle compi%rity of compfhtaly automated program-
Tt . med learning might ransejg,gm :1mpléﬁfext programs to higply )
. compli;ated computer~base -audiovisual systems. N -
. BN ’

- \

~ -

' o “INSTRUCTION | , i LEARNER

» ~
* v . \e
o~ £ VALUAT JON b : RESPONSE
13 .
- ,
* .
Exhibit 1. Conceftual Hodel: Tutortal Instruction. .
o . | ey




Exhibic 2 shows the adaptationp of the basic tutorial model which
was actually used. In this wodel, the classroom 1na£rucfo;ris

not elgmiuaigd‘frbm the system, but rather is ptog;ammed into its

As depicted, instruction revolves around a program of self-in-
strucniog through which the trainee proceéds‘individually and at
his own pace.  The trainee responds to ihs:rucsiqn througﬁ pro- ~
gramme&_learning exercises. Self-tests permit the nfaihee(}o

. ‘evaluate his owm work, \acquire immediate feedback, and select

subkequent increments of. instruction. ) »

The role of the teacher is to monitor the traxnee 8 work and the
trainee s evaluatjon of that uork, to raintorce 1earning by con-
firmation of achievement, and to provida tupplemqhtary and remedial
instruction as reguired. The teacher's anolvement is programmed ~

+ i

just as the trainec 8 activities arg programmed.; o IR B o

In this model, the butden of 1nstruction is borne by the indivi-

dualized programmed laarning. The teacher s role essentially is

. that of quality assurance. Ik is patterned after the jobief the

quality assurance 1nspector in an industrial setting.“ The teacher's
primary function is to assure that the scandard of performance sel
by the program is azhieVed and- maintained, and td be sure the

learner is aware of nd éqgrects any'dggiciencxes in his work.

a
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Exhibit 2. Concepiual Model:’ Electronic Assembly Self-Instructional
Training System for the Deaf . :
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Meﬁnod of Instruction

Eaah of the seven skill areas covered by -the curricukﬁm is repre~-
sented by a discrete unit of, instruction. The titles of these

¢ < . -

nfta g ' T N
S kY * . . ) ., N
| 1.7 Mechanical Assembly 3 - oo
L2, Hire Preparation ’ \u,‘ [ o

» "

3. Aésembly Soldering ©
4. Wire Installation’
5. Wire Harness Building and Installation

6. Component Installation

7. Rework Eechniques ]
. \ [

Instﬁuctional maﬁfrials for each unit consist of the following:

’ l.. 4 programmed textbook and cooxdinated colar filmstrips. .

-

2.\ Coordinated aqsemblf‘drawings and wi;ing instructions.

3. A final examination. -
4, A teacher manua1‘ . - -: ;'_ .
The trainee receives individualized instruction at a workbench N
completely equipped with all required e1ectroﬂic assembly tooIs,
parts, and’ materials% The workbench also incorporates a 35mm '
filmstrip projector and a table-top screen for individual viewing.
Except'for the projector_and sereen, the workbench and its furn-

iénings are repre;entative of thpse\found‘in most industrial
settings. ‘ ' o

The trainee learn; at his own pace. He controls the fiinstrip
p*esentation and re§ponds to step~by-step text and filmstrip in-
stfhction Ry entering written answers into the programmed textbook
“ox by performing electronic assembly ‘tasks. Leérning exercises

approximate on- the—job activities as closely as possible. . .
» ,

Normally, the teacher interacts with the trainee only when he is . .
called for. The programmed textbook periodically instructs the

trainee to ask the teacher to check his work. In addition, the

trainee may call’on the teachker whenever he feels he needs help.
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. A The teacher checks and evaluatbs the trainee s work with. e ald
1l .
of- data in tne teacher 5’ mgnual s remedLaT instructlon is re- . T

quired, -the teacher may refer tht t«alnee tb ﬁppropriate progrdmmed ¢
. 1earning materfal or may prouide supplqmenthl Anstruetion 1n person.
The teacher also administers the ﬁinai exa atxon for~each upih.

The examination - is designed to assufa.éhat the traxnee has achipved

311 primary learnlng ob_]et:tlves and ngrcweal an'y [éar"nlng dﬁ;fi.—"

- . ot

: : .- ciencies which must be corrected- b!&g{e the traine@ goes bn teythe

. . next unlt.

i R
Exhibit 3 shows different types of workhenth ﬂnd c}assroom arrange—‘ .

vt

= V- ments. At Amerlcan School for the Dearj ﬁsst ﬁagtford, Cognectléut, »,,‘7n:

gy

eight workbenches are installed against %prSLtetwalls of the ctass¢

. * room. At Galifornia School for thelDeaf, Be‘keléy, six workhenches 1

{are_installed back-to-back. o , 5— »ﬁﬂytgf“ ,-;2~ et

t . 6 s
. v ] In Exhibit'4, the top picture shuws an .eleetronic essambly on the \;}}‘"¥7f“ti

4 ‘ . : workhench, one of those thch the tralnee actually bulIds_-

‘The trhypee s programmed et b TmIErE
£ L
%n assembly draw1ng ‘is on the laft._,Ihe

numbered and lettéred blns in both the top and bottomachtutcs ;- 2

.. .
during the course ofminstruCtlon.

»F . book is on the pight.

contaln efectronlc assembly. hardware. The numbers and letters cor-‘*i;v‘k-~
respond to data‘&p the proogrammed textbooks and assembly dr@w1ﬁgs T o

H “:

Qfd'e bottom plcture 1n Exhibit 4-°shows a slide prQJecnot, xntheL‘foéf;f;

E N i Lo

' than a filmstrlp progector because California School for the Dcaf R
X ‘ . Riverside, is equipped for slides rather than fllmstr1ps. ?he’f ,fdf “;“Jff?”
- ‘types .of workbenches and workbench accessotles showni in Exhlbxts ' t YL

/ .
- 3 and 4° may dlffer, but the basic arrangement of each workbench S
- , : S o
is the sameg. — ' . B

One of the design obJectlves of the. tralning system was that al} l“stvnrr'itji
"electronic assembly and filmstrip projectiom hardware shﬁulg be.

on—the-shelf ‘and readlly available from retall dealers. Thfs ob—'d ?>W[

j Jectlve was met.

No spec1al equlpment of* any kind was"breated for -

the.system.

4 may be used,

ERI
i e R ' ‘ .
. L .

Different types of workbenches and workbench aCCessorie

as long as they meet functional speciflcations

\ ~

2}
¢
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Exhibit 3.

"Electronic Assembly_Classrddﬁs. "Top: Ameritan School
Deaf, West Hartford, Connecticut. Bottom: California
for the Deaf, Berkeley. . ot T
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(Continued) Top: California School for: the Deaf, Riverdide.
Bottom: Lalifornia School for the. Deaf, Berkeley.
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Exhibit 4. Electronic Assembly Workpenches. Topv American School for the
+ " Deaf, West Hertford, Connecticut. Bottom: Californfa Sthool

for the Deaf, Riverside.. - . .
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Exhibit shows a -sample page from one “of the programmed textbooks.'

Every frame (step) of instruction in the textbook is accompanied
by g numbered frame on the filéstrlp. The- filmStrip frames
accompanying the sample page- are reproduced in Exhibit 6. %

In the sequepce‘of instruction shown in Exhibits 5 and 6, Frame
44 provides the trainee with textbook 1nstruction only. After'
writing his response to the question in Frame "G4, the student

will proceed td, filmstrip Frame 44-Answer for the correct answer \_

" to the question. ‘Throughout all seven 1nstructional prdgrams

(units), all question frames are in_the form of filmstrip and/ot

text. All answer frames are filmstrip only. ‘ . .

Frame 45 is an information frame consisting of both filmstrip‘and

'texd/ Note that both Frames 44 and- 45 refer the trainee to some-

thinfg he already has learned.” The trainee is asked to transfer

that knowledge (1 e.2 component leads ‘are wrapped andustresgs .
\

relief is made the same as in w1re 1nstallat10n) vNo terminology

¥s taught throughout the sequence b&cause all terminology already
1

. d - -

has been learned - ; K

»
. .
- . ,," »”"

Frame 46 requires a performance response. "Bin 72" in Step 1 _.

',;;*;efers to one of the numberedqbins shown i% Exhibit 4( .

Frame 47 is 'a criterion frame;which permits the trainee to evaluate

~

’ his own work. Prior to reachlng this point 1n the instructional

program, except for stress relief, the trainee already has learned

)

all of the other cr1ter1a in Frame 47 : L

- N

Fr%ne 47 also calls for a teacher' s check Exhibit 7 shows Ehe
tedcher s checklist for Frame 47. The teacher S manual contains
a similar checklist for every "Teacher s’Check” frame, ,in all
seven progra?s. . ‘ o _.} o,

. 2 . -

*y
.

\ . = 141__ p’.}'_\ e "‘ ' . [
. . - .
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44. You wi11'Wrép component leads to termina]sAthe same‘as you wnapped wire‘
How will you wrap component Teads? S | |
‘ A: Nrap both Teads at the same’ t1mec //i <.
.~ B. wrap one lead at a time. /'/ T : e
> — S “‘-
MRS 'f:
'_45. When you install a component you must make a stress relief 1n the -
leads, the same as you m N .
‘jThe'pictune shows’a stress relief.
-Read each step, and then do it: ' o .
[ 1)f Get a component from Bin 72 Cente?'the component oetween )
~ two term1na1s f ' * | . ; e
) 2)‘kBeg1n the Wrap by twf§t1ng the 1ead around one term1na1
‘3)~'?Tnish the wrap o - :
, 'wrap one 1ead to a term1na1 now.
.t —_ Lo r rf o . i )
L, 47.. Inspect yoo; wrap: ;’1' o ..." “ ‘ . o L
A. Is the component centered? i
B. Is the co1or code on the 1eft?, _
v C. -Is there a good stress, relief? - L
b.f Is the wrap t1ght? | e . ..
After you make a conrect wrap, ask your teacher to check your work..
- i J Teacher's Check:,
Exhibit _jl Programmed T.extb?ook (‘Exgerp.t).': Component/ Installation. »
< i .

-




44 ANSWER

« 'H "
' CORRECT ANSWER: 8. \.
K Wrap onc lcad ot a timo.
i ! » > ' ‘ . .
r .
| .
L -7
Y | ™ Y.
’ by
. ¥
. g
- . /r'
G
] . |
!
3 .
/ 1
' {
. " Exhibit 6. Filmstrip Frames: Component Installatiodn. - .
. ( ) . . N : d s '-‘ .
\)‘ ‘ . —16—- K(x -
- . . . . n . l, . I
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Inﬁtructbr's Check List .

COMPONENT INSTALLATION

y '
Electronic\Assembly Program No. 6

3 '}

|, Frame |, Activity ,\ , " Chegk List
| 47 Connecting Components 1) Componeht centered.
‘e C ‘ - To Turret Terminals 2) ‘CO]OT’COde on left.

i ~~
Stress Relief o '3) ‘Leads wrapped to bottqm ;
: " o of terminals. -

" O -4 'Leads wrapped in same direction

62 . Connecting Components
‘ To Turret Terminals - 5) Fu11 wraps -~ tight wWraps.
. Component Body Flat B) No kinks-or nicks in leads. _
‘ ' : : e . _ . 7
’ | Against.Term1na1 Board £7) _FRAME 48: Good stresg relief. /.
. - . ’.‘ . . A

8) TFRAME 62: A1l leads trimmed.

o | - , Component body fJat
C against board. /

L] 4‘¥

S ' Good190° bendg/}n

leads.

, ]

! i / -
© Exhibit 7. Teacher's Checkli{st: (Excerpt): Compo,ﬁent Ingtallation.

=17+ _\_‘ " ) -
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.Exhibit 8 shows another sample page from one of the programmed

o extbooks.

In this seguenee, Frame 85 calls for a performance response based -
on both text and filmstrip content.

-

Frame 86 providee rext. instruction only, but requires a written
responae based on ddta which the trainee must seek and find in an
assembly drawing. gxhibit 9 shows the data ip excerpts from the

" assembly drawing.

*

Frame 87 provides both text and filmstrip instruction, but once
again the trainee must refer to the'assembly drawing to'correctiy_
execute the performance response: Frame 86 has assured that the

trainee knaws how to interpret the assembly drawing (Step 20).

-Frame 88 provides text instruc:ion only, with & performance.
response again based on data in the assembly drawing. Exhibit 10

¢

shows the teacher s checklist for Frame 88.

In addition to providing‘ghe criteria for evaluating the trainee's

e

_work, the teacher's checklists also serve as referances for pre- —
scribing remedial instruction. The "Activity" lists in the
teacher's checklists conform to the outline of learning objectives

(see page 30, Learning Objectives) for all seven instructional
programs., If a trainee's performance is in any way deficient, a

quick scanning of ‘the "Activity" list for appropriate'inatfhctionai
content will immediately reveal what 1earning exercises are re-

quired to correct the deficiency.
2

All programmed learning conten; throuéhout the entire sequence of
seven prog}ams is linear. No brancﬁing instruction is provi@ed.f
Repetition of sélféinetructio 1 exercises, with whatever personal.
help might be needed from the teacher, is the baeic strategy for

remediation. . , y ‘ - R

In addition to the teacher‘s checks, another diagncstic 1nstrdﬁent
is the final examinafion which follows completion of each of%the
seven insqructional programa. Each examination is designed to con-
“firm that the trainee has achieved specified“learning dbjeétives; '

o 18- o




Ce

85, Your multi-conductor cable has insulating material betwesn the innar
conductors. This material looks like ropé. - '

Cut off the material between the inner éonductors.“Tbe picture

shows how. - | , -—
« Y »
Cut off the material now.

v

86. %Step 20 in the Assembly Drawing shows how long to cut the inner
conductors. '

V.
How long does Step 20 show to cut the inaer conductors?

" A. The red wire (R) must be ‘inches long.

" B. The black wire (BK) must be ~ __ 1inches 1ohg.
C. The green wire (GN) must be . _ inches fﬁﬁg.'.
D. The white Qire'LHH) must be !néhas'iong.

v d
4

86-ANSHER

+

87. Cut the inner conductors for Step 20. o N >
o The picture shows how to measure aachVCOnductor.‘ ' .

Measure and cut the inner conductors now. ‘ : N

e

)

88. Do Step 21 in the Assembly Drawing now, .

After you finish, ask your teacher to check your work.

L4 -

'Teacher‘s Check:

P

. T B - & F™

T~

|
» Exhibit 8. Programmed fexmMook (Excerp®): Wite.lnstallation. -

x
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ASSEMBLY INSTRUETIONS

ek ' —
w . NSTRUCTIONS .

~

s

e,

et e
1 tawc ¥ 20 BARE WIRE A- 1/A-10(NS)

AWG 7 20 PARE WIRE A-2/A-11(NS)

SOLDER -10 AND A-? l.
Tawe IRE A+ . “A- 6("
P 20 . kE A ) e
- . 'NECT G-
LS USSP - R
18 |8 AWG * 20 !NSULATED wme A- 27 G- 3fS) DO NOT
. CONNECT G-3

S PRy, SR

19 DRESS WIRES A- 25 A 26, A- 27 FLAT TO CHASSIS-—
INSTALL CLAMPS F ANO H (BN 46)

20 ‘ PREPARE END A OF CABLE J CUT 10 OF MULTI-

CONDUCTORS TO LENGTH R, 1-1/2", BK, ,2 GN,
WH, 27

WU TAUSEISRUPPS. SR

. s
21 PREPARE END B} OF CABLE J STRIPEND -B. 3 Cur
CONDUCTORS 1O LENGTH R, | SK 31 G
Vo, 1179

e e e —— ot . P

-

.
-
PR -1

CONDUCTOR CABLE STRIP END 7A” 2-374", CUT INMER

2:3-4;,

lNNER

’

“Exhibit 9. Assembly Draving (Excerpt): Wire Installattion.

. v e
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i ' NIREuINSTALLnTION - Instructor's Check List A © Page 4
Frame - Activity - o Check List A )
oo e . = = . ‘m' . i

88 | Preparing . , 1) Cable 1Q,iaches~tong.'
ﬁuitx»fonductar Cable o
2) Outer insulation stripped:

End A ==~ 2-3/4"; End B --- 3",

' Assemb]y Steps‘éb and 21

-,

~Cable J | 3)-Good strips.

oy . : 4) ‘Protective materials neatly - |
: removed, >

5) Inner conductors éut zsviength:

o g | T End A e RLVZ, BC2,
. . : 't Co ' ‘ “L- Lt A A

r . N 1

£nd B -~ R-3 “a BKa2-1/2"
“ '7 - ' - " ;

.

B . .
ot etk $47. S eng e €k i AT 8 b o el e e el - Fumhes |+ <t i e
R *

‘ © 90 Insta!lxng s - { 1}, Correct end of cable installed.
Multi-Con uctur Cab%e _ . o s
mll i 2) Mires‘cpnnected to correct
ASS bly Stéps 22 and 23 tEtginais :
Cabte J » Egd A. GR/A 16{NS)| 3) Terminals wrapped from correct
. : S d1rection
. ‘ - ~BK(A 17§N52> -
. E , ’ R 4)- i80° wraps.
: HH[ "§ ( Z » )
, i K 5) Good service loops.
T ~ R/A-9 (S) ) . '
- : . 6) Good insulation clearance.
'Instgmamp K : : ' T

7) Mo damage to insulation,
8) - Good .solder joints -.. ‘A-g," A-9.

9) C(lean tonnections.
w EY

W g o ‘. )

‘Exhibit 10. Teacher's Checklist (Excerpt): Wire Installation.

-
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and to reékgl any deficiencies ﬂﬂ@ch must be corrected before the + -
trainee goes on to. the'next unit of instruction. Examinntion

questidns are ptesented in the rorm of ‘text materials only, No T

filmstrip materials are used in any of the examinations.

Exhibit 11 shows the extlire final ‘examination for' Mechanical «-

Assemblz, ‘the introduccory program of the series., A primery

objective .of this. examination is to assure that the trainee has

‘"adequate reading and comprehension skills for dontinuing with _.the

programs which fgllow. Thus; six of the eight questions require
a written resp se. These questiona emphasize the corrdtt identi~
fication of toolé, fasteners, gnd parts, as well as the ability

to describe their use. Three questfons requi:e the student to
demonstrate tool-handling and assembly skills he has learned, To
nomplete the final queation. the student must make the aggembly

 shown in the assembly drawing.

*

Throughout all seven programs, a consistent procedqre is uvsed for

“instructing- terminalogy aqh/bomenclabﬁ;eﬁ A new tool, part,

fastener, or piece of equ'pAEnt is fntroduced only at the point .
that ‘the trainee is required to use it. The -item is- ideniiffbd
by name in both the pfbgrammed textbook and filmstrip, and the
trainee seges a picture of 4t on the filmstrip frame. .The trainee
is 1nstructe3 tovget the item jimmediately, and he has it in his

hands while he learns .its name, the names of s perts,'wha: it is .

used for, how tt operates, etc. The trainee is tad&ht to use the

item in assembly procedures as rapidly as possibl?

The learning of. nomenclature and terminology is achieved primacily
through writren responses, and is reinforc;d through uée of the
language in technical instructions. This is true for all éeven .
instructional programs. As indicated by the final examination

for the Mechanical Assembly program (Exhibit 11), final examina-
tions for the first 'two programs emphasize language learning re-

quirements by callin for a large number of written responses.




z

ﬁhﬁhA

When you install a cable through a hole in a metal chassis, you myst -

keep the cable from being.cut by the sharp edge of the hole.

) 1
What part*can you instail to keep the cable from being cut?

——r 7

-

Write the name of the tool you must use to fasten the screws in each

"

LY

bin:

Ao mida , .

R. Bin 5 -

H

Exhibit 11. Final Examination: *Hechanical Assem£1 .

"™

b2 3 “
. L

o » o ”“ ,_7;> A
o " FINAL EXAMIRATION .- o
MECHANICAL AssEMBLY ¥ o ,
) _ El'ék:tronic Asse#nbly Progr;ﬁm No. 1
- v X N | ' ) . X
Write the name of the fa_steﬁé’r in each bin: g
A BN - . o -
B. Bin2 e : :
C.— Birf 4 ' - i
. Binb
E. Bin 6' 
’ j » . ’ . .ﬁ
F. Bin 9 ’ — . e
. ‘ -. .
G. Bin 10 )} ) ' X
- i ™ -
H. Bin 22
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* B, ghat-is .the setting on each torque wrench?
: : AN - ' i
. N . " \ ) - aLJ
- o .,\\ 7\ . s @ K ¢ M
o \H«.»\.:;;;, ‘ "A; : : . 8. .
I ‘ » '\\\ . N '—go us ;.' A * ! . a8 "'"130 . .
- . N L . . . - i . Ty
\ N : ‘v -50 | v . » ) =30 ) A ’
| 1an . ! 1n/‘]b5. - 0 ’7[\18 16 TH/]b.S.
S .x - - ‘ ’
% ‘ 2«0 18 % ‘ i v
| - N
- R _) | ,
] »
! 0 . : -

- . ~ A :
1 ' b
» .
~
o o
i

" L 'Reéd each'step, then do it:

}} . ' i‘ | 1) -Get the torque driver from‘yourexoo]’traylﬂ )
{;; f‘ %; ’ 2) . Set tﬁe scale at\1$ in/lbs: |

;?7 : S 3) ‘Lbck the'forque.dfiver.

. After yoy finish, ask_your teacher to check yéur~wgrk( ' "

) | 8. . Make the assembly shown in Assemb]varawing 2-A.

Before you begin, ask your teacher to watch you work

A ]

\ Exhibit 11. (Continued)
y )

\
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. : :
Beginning with the final examination for the third program in the'
eries, emphasis shifts to the performance of asgembly skills.

rather than writggn rESponses. If the . trainee fan follow the

-‘technical instructions and do the work called for in performance

of assembly tasks, ‘there is no longnr any questidn as to his

achievemen; in" learning. nomenclature and terminology E 3
kéllaiion,

Exhibit lZ‘shows the final examination for Component Ins

the next-to-the-last of the seven programs in the series. The
entire examination is on a single page. No written responses are

called for. .iIn order to complete thlS examination, the trainee

‘must 1), assemble a terminal oard chassis,‘and 2) and 3), demon-

strate two different techn ued for ingtalling components in a

.printed circuit board, The ass%Fbly drawing and assembly instruc~v

l
tions at the top of the examination page are the only reference

materials available to the trainee for making the turret terminal

assembly.

The teacher s manual contains checklists for each final examina-

‘tion whicn are 31milar to theachecklists for the programmed text-

"book/filmstrip activities. Exhib1F 13 shows one page of thg

teacher s. checklist for the Component Installation examination.

This is the chetklist for Step No. 3 of Question 1.
~

-

L

. N ‘.\
In additign: to the Checklists for bgth the programmed textboo&/
filmstrip activities and the final examinafions, the teacher's

man®  also onrains special assembly drawinss wvhich the teacher

¢

.may use for spreparing work samples, together \with inventories

for stocking and replenishinglelectronic supplies at the work-

benches. , ' : \
.. . : ¢ \'\\ T

| RO
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3.

- ; . FINAL EXAMINATION
] \ .

‘COMPONENT INSTALEATION .

—
i

. \ :
. o . v .
%  Electronic Assembly Probram No. 6
R \
-ff * — : A
— cm ci26 6. R27 mze 12 '
"00 0000
R125
O OO0 -0 O
' 73 5 7 9 11 \
Do all, ofvthe.Stéps in the;Assemb]y instrgc%ﬁons?‘ . Coe
. ASSEMBLY INSTRUCTIONS
STEP[BIN . o eTTON
VvV o. Ino. | : INSTRUCTIONS

11 172 72 uATT 220 RESISTOR 1/CT2R (N8)

2 |75 | .01 MED 100V TUBULAR CAPACITOR 3/C126 (NS)

[

3 |72 1/2 WATT 150,000 RESISTOR 5/C126 (s)

4 |72 11/2 WATT 150, '000% RESISTOR 97R128 (NS) USE THIS
° "AIND OF STRESS RELIEF: -141::»r'

{5 75 |.01 Mig 100V TUBULAR CAPACITOR 1T/13/R]25 (NS)

.16 176 |20 UF 30V ELECTROLYTIC CAPACITOR {+)7/(- )R127 (NS)

77 177 1.01P LKV DISG CAPACITOR 127 (s)

P

-

‘ o0
Get a 1/2-watt.22mQ resistor from Bin 74. Install it in 2&& two
‘holes on your pr1nted circuit board £11nch the leads. Sd!der the

Zconnect1on o . ~

Get a 1/2-watt 22mQ resistor from Bin 74. sta]} it in any'two
héles on your printed circuit board. Do not clinch the leads.

. -

Solder the connection. .

77 Exhibit 12, Final Examination:"Componént Installation.

7 _28~ gi.?‘ :3(5




c FINAL EXAMINATION

COMPONENT INSTALLATION _Instructor's Check List Page 2 |
; " Item 1 (continued)
Step 37 ” . 4;\\\,
1. Res1stor connect1ng 5/C126 (NS).
e -Leaﬂs stra1ghtened~and cleaned.
-3 Term1nals)c1eaned, M

1 and 3. , -

6

7

8. Compqnent centered.

9. Color code at top.

.‘Good stress relief.

*11. Wraps tight and trimﬁed.
.‘Good‘so]der{gonnections..
. No damage to Teads or terminals.

. [Teaned connections.
(4

- Examination Checklist (Excerpt):

<29-

Exhibit 13.
’ T ES

Loooav

4. Leads connected td.bottom of terminals.’

5. Lead at terminal 5 wrapped in same direction as connections

Lead at Cl26 wrabped in opposite direction from first lead.

Lead at €126 not wfapped around lead of capacitor.”

Compgnent Installation.

W




D. Learning Objectives - ) . ; N

1.- Mechanical Assembly .. { ’
. . ‘ ’

In the introductory program of the series, the trainee léarns
to make assemblies with mechaBical fasteners ---— nuts, scréws,
, ‘bolts, etc.’ The trainee lggrns'the names and correct uges of
’ " a dazen différent toois and *a dozen different mechanical ’
fasteners andtpart§. He learns to. read and work from mechani-

VX : cal assembly drawings. .

Tt

One of the drawings used in the program is shown’ in Exhibit
. ) 15. 1In the propegs of completing the program, the trainee .
puts together the assembly depicted in the drawing. The

assembly is shown in Exhibit 14, :
K . " . ‘ ‘L

i

e

ERIC S

Aruitoxt provided by Eic:

- . ~ : . v .
£ . . . i



S81-HONI 21
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SET1-HONI i
519

Agsembly Drawing: Mechanical Aasembl”y'.

Exhibit 15.




Specific learning objectives for the Mechanical As%ﬁmblx

program 1nclude.

a. How to inthrpret and work from mechanical B

assembly drawings. ' - T

b. How to ure flat-blade, Phillips, and Allen : :

scre%grivers.

£ . .
\ ' ‘ 4 , - ¢. How to use offset screwdrivers.

4

i~\ ' . d. How to use box, open-end, crescent, and socket ’"uv'////(
v\ ' C wrenches, '
? \ ‘ e. How to use a ratchet wrench. - o '

' ’ i .
i . . ' . -

~f. How to use a-torguc wrench. o . P -
. . . ". g. How to use a torque screwdriver.

. E The final ‘examination for this program is shown in Exhibic-11. . -
} The teacher g checklist. for the examination is shown {n '
| . Exhibig 16.
3 :
. ' 2. Wire Preparation‘ R \ ,

In this program, the trainee is introduced to the tools and

.

procedures for prep&rina both bare ani- 1nauiaued wire for
assembly work., The tfainee learns the names and correct uses
of basic wire—preparation tools and equipmena. He learns the

nomenclature for different types of wires and wraps. how to ‘

fhe.tréinee learns the proper operation of a £hermal wire
stripper --~ the firat plece of electrical equipment to which

he is introduced. Instruction in the use of the thermal wire

stripper stresses the performance of proper safety procedures.’

v

L L. = : strip insulated.wire, and hqy~to form and trim wraps.
|

<
¢

o

o - -3243() -




Student:

~Instructor's Check_List

¥

FINAL EXAMINATION
.'_’-‘i"-" . | -
MECHAMICAL ASSEMBLY

Electronic Assembly Program No. |

. BOLT
Nt

. PHILLIPS SCREW

. ™SLOTTED) SCREW

., FLAT WASHER -
LOCK WASHER

CLAMP

A——

GROMMET

A. PHILLIPS SCREWDRIVER or TORQUE DRIVER

A
B
c
D. ALLEN SCREW
E
F
G
H

I tem

B. ALLEN WRENCH-

Exhibit 16. Examinatioén Checklist: Mechanical As;emb;y.

o g ..

!

A




o
“r,.

MECHANICAL ASSEMBLY Istructor’s Check List

PAge 2

N CA
- . ..

Jtem 4

A. SCREWDRIVER |
B. PHILLIPS SCREWDRIVER
C. OFFSET SCREWDRIVER

_D. BOX WRENCH'
£
F
G

OPEN-END -WRENCH

RATCHET WRENCH y .
TORQUE WRENCH L.
} - .
H. TORQUE DRIVER
I. CRESCENT WRENCH . . =
[tem 5
A. 30 in/lbs. ' !
v B. 68 in/lbs.
Iten 6

~

’

TO MAKE A CONNECTION EXACTLY AS TIGHT AS IT IS SUPPOSED TO BE.

~4

tem

—

1. Torque driver set at 14 1n/lbs.

2. ﬁgrque driver locked.

B

Exhibir 16. (Continued)

. 10 .
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FIRAC EXARINATION - |

L_JPQQE 3

> =

MECHANICAL ASSEMBLY Instructor's Check List

[tem 8 .

NOTE TO INSTRUCTOR: IN ORDER TG SCORE THIS ITEM, THE INSTRUCTOR MUST

 WATCH THE STUDENT WRILE HE"im‘Ks. S .

Step 1

1. Positions chassis according to drawing.

2. Begins with Assembly Step }o--- geis bindingﬂpost from'Brn I,
3. Removés faéteners before attempteag inskallation.

4 Corretfly locates dinding post and fasteners on chassis.

5. Sets torque wrench at ldviﬁllbs. |

6. Locks torque wrench. |

7. 'UseS'soidering.a%& to hold binding po?i while tightening

Fd

}. Begins Step 2 ----gets grommet from Bin 20.

2. Inserts grommet in correct location. .

1. ' Begins Step 3 --- gets shit;n from Bin 16.
2. Removes fasteners yofore attempting installation.
3. §o?rect!y locates .switch and fasteners.

4. Selects appropriate wrench, and uses wrench ccrroctly -
for tightening fasteners.

Exhibit 16. (Continued)

-

pam 3 h .

fasteners, and uses torque wrench correctly to tighten fasteneyrs.




. »
P . FINAL EXAMINATION,
MECHANICAL ASSEMBLY Instructor's Check List " Page 4
' Item 8 (continued) )
Step 4 | : ' SR 1
- . . . Beg:ns Step 4 --- gets fuse holder from Bin %7.
V 2. Removes fasteners before attempting 1nstailataon o .
3. Corgfctly locates fuse holdereandafasteners. ?
&, Selects appropriate wrench, and uses wrenach correctly
. for twghtentng fasteners. .
Step 5 .
. 1. Begins Step 5 --- gets terminal strip from Bin 19, and correct
o fasteners: Phillips screws, flat washers, Tock washers, hex nuts .
T 2. Cor;ectly Iocates terminal strip and quteners ce anas;ws.

3. Selects apprbpriate wrench fcr holding nuts, and correct §i1ze
g Ph:llips screwdriqu i . -

T 4.. Uses tools correctly: for tightening fastenerffhf

Step 6 ' : -

l.; Begins Step 6 --- gets volume cogxrui frum Bin 18, (

<

y 2. Removes knob and fasteners.
3. Correctly )ocates volume control and fasteners.

4. ‘Selects appropriate tools and uses tools correctly for - \T, .
tightening fasteners and set-screw in knpb.

¥

\ : . Exhibit 16. (Continued) -
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t , Specific ieatning objectives include:
a. How Lo idencify differeant types of wire wraps |

b. How to foarm bare wire wraps with pliers

\

C-E How to form bare wire wraps with a soldering aid.

d. ' How to strip insulated wire with a mechanical wire
striPPEr- ‘ ’ \ ¢ [ .‘\

[

e. How to prepare a thermal wire stripper for use.

f. How ro strip insulated wire with a thermal wire

i stripper‘

-

;f ' g. How to trim .raps.
H. How to interpret wire gauge numbers.

An excerpt from the final examination for the wire prepara-

:ion program is ‘shown in Exhibit 17. -

3. .Assembly Soldering : .

p - "The traingg‘léarns eight different types of solder connec-
| | tions for fonﬁecting insulated wire to three different tvpes

of terminals. The'criteria for soldering techniques are '
' » based on NASA speo-ifications.1 Again; safety procedures are .§

stressed in éhe instruction of electrical operations.
Specific learning objectives 1nc{?de: . ‘ \
~a. How to identify different types of soldering iréﬁs.
b. How to prepare soldering irons for use.

c. How to prepare and adjust the power supply for

. use with a soldering iron. ‘ h | .

d. How to tin a soldering iron. N

i National Aeronautics and Space Administration: Requirements for Soldering

Electrical Connections, Document No. NHB 5300.4 (3A); Soldering Electric.l .
Connections, Document No. NASA SP 5002; and Quality Requirements for Hand .
Soldering of Electrical Conneéctions, Document .No. NPC 200-4,

. »

4 o : o .
] 4 4 ‘ ,.37_, 45 . .
¥ \-1 . : . ‘ - . y : * . -
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FINAL EXAMINATION

WIRE PREPARATiON

Electronic Assembly Program No. 2

A

Write the name of each tool:

#*

Exhibit 17. Fipal Examination (Excerpt): Wire Preparation.
3 ’ Core -
-38- Z}{)‘
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‘ A . ' R - . : .
- ’ f Y ) i 4,

. .
- -
: , ' .
. ) . ‘ . > ‘
. .
. . ..
» . : .
! . ) A |
- N . - 4 R “ A}
« LN : . -

. 360° Wrap 270° Wrap -

) : ' )

3 , By 3 " ‘
' A~ . |

: \
- |
| |
v Y :
- 3¢~ Which wrap is trimmed correctly? ' )
A B - C . l
|
/ . |
. ¢ : . R |
’ ' ﬂ . @ ﬂ . ‘ 1
. . | .

1 : v
|
, o |
. . . ~ |
\‘\: A ) ‘

. ol o o '
N |
. : ’ L |

. S - : . . f - ' - N : A, W

- '\ Exhibit 17. (Continued)
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4. A big wire has a y
» ' BIG or- SMALL,

A small wire has a-

i\

gauge number. -

'

—BIG or SMALL

5. Read each step;'fhen:dq it:

1) Cut tﬁo pieces of AWG 20 bare.wire.

2) Make one small 180° wrap.

| 3)? Make one __g f80° wrap -

&) Trim the‘wraps.__ o~

6. Read-each step,'then da it:

v 1) Cut a piece of AWG 20 bare wire,

; , B \.
: 2) Get a bolt from Bin 1.

3)" Make a 270° wrap to fit the bolt.

7. Read each step, Ehen do it:

+

* gauge number,

hl .
-‘/4
» ? -y
¢

-

Make eac) Qire. 2 -'iathe's Jong.

Make-fhe wire 4 inches 10hgt~

/ .

1)  Cut four piéces of AWG 20 stranded insulated wire. Make each}

wire 6 1nches long.

[

*from each wire.

-

8. Read each stef; then do it: . ) *

wire 4 1nches 1ong
%

-

2) Use- the mechan1ca1 wire s+r1pper to strip 1 1nch of 1nsu1at1on

~ 1) Cut four, pieces of AWG 22 stranded 1nsu1ated w1re Make each

~

-

2) Use the therma] wire stripper to str1p 1/2 inch of 1nsuTat1on

from each w1re

'Y . Exhibit 17. (Contihued)
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-

e. How to tin insulated; stranded wire. A

. : PO o .
§. How to make single and double solder connections to

" turret terminals.

/g., How to make single and double solder connections to

. hook terminals.

-,

- - . .

“Textbook Frame 158, An Exhibit 18 requires the trainee to

h.” How to make single and double side-entry solder

connections to bifurcated terminals.
A - ) \

-1. How to make top- andkbpttom—entry.solder connections
to bifurcated terminals.:

I t
'

One_insoructignal teChnique'use& in this program requires the

trainee to complete. a drawing of each soidering procedure

- before hekactuallﬁ attempts the‘procedure. Exhibits 18 and

19 show texthook' and.filmstrip. frames which are typical of

those used to implement this technique.

complete the drawing without. reference to any filmstrip
picture. Prior to Frame 158, however, the trainee has had

the opportunity of completing an identiCal drawing by copying

-vactual photographs of the soldering procedure depicted. <,

g

49

-41- X .
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» - : ] 2

158.\|Make“a d}awingqu the soldering iron and the solder:

L]

‘f‘l) Put the tip of vthe soldering
‘ iron on the base of the term *
.\ _terminal. Do ngt touch the
wire or the terminal posts.

Touch a small amount of solder .
where the ,iron touches the '
base. ’

-

2) "Touch the solder to the base \ ! ;

' . . .1 ’
on the side opposite the iron. 5

~ - N - ’ . , .\ :

Do not move the iron.

t

3) - Touch the solder to the base
* on the other side of ‘the

wire. ‘L s

Do not -move the jron. ) .

. t
»

4) Touch the solder to the end - . .

0

‘of the Wire. PR ' -

1owlz mové the solder over
the end of the wire to the hole,
~* and fill the hole with solder.

g . Quickly remove the solder and
. the iron at the.same time. IS "

< Exhgbit: 18. Programmed Textbook Qﬁxcerpt%_{)
) ’ } -42“' .

s

Assembly Soldering.

.




Exhibit 19 shows filmstrip Frame "158-Answer --- the drawing

as 1t must be correétly complefgd.'~ . .
- - . X .

A
DN

. - . .
. . .
i - E
F . -
| ‘ \\\\ N %
: X - L .
. "
r

- | 158 ANSWER |
° | ~
/
\,
? DI '
ﬁ Exhibit 19. Film%trip’Aﬁswer Frame: Assembly Soldering.
| - ;
! “
#
v .
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4
4. Wire Installation

- °

> In this program, the trainee learns to install Qires on a )
* terminal board.. In so doing, he learns to read and work from

assembiy drawings representative of those commonly ‘used in
industry. Exhibit 20 shows the set of drawings used for this

program and the Wire Harmess Bu1ldi4gAand Componenﬁ Installa—

o . tion programs which follow. As the trainee works through

these programs, " he builds an electronic assembly chassis on a

. terminal board. ‘ .

LA
= s ""“‘W ar—

ﬂﬂﬂhtﬂ"ﬂﬁﬂlﬁﬂ&ﬂm”

PART 11: ‘WIRE HARNESS INSTALLATION [. : | .

Exhibit 20. Assembly Drawiﬁgs: Programs 4-through-7.

.

o«
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. Exhibit 21. Trainee. California School for the Deaf, Riverside.

.

- ‘

Exﬁibit 21 shows a trainee working on the chassis in khe ’

. Wire Installation” program. ' . e } $

-

Specific learning objectives for the Wire Installation

p}ogram include:

|
. . i |
o . ’ kY ) . {
' ’ - a. How to interpret and work from electronic assembly 'i
N Qrawings. ‘
. B ’ b. How to solder wire to perforated terminals.

R . -
i~

r{ c. How to dress wires.
- . d. How to'preparevand install multi-conductor cable.

.

.o - e. How to cfimb terminal lugs, insulated splices,

wire joints, and connector contacts.

Fchibit 22 shows the final examination for this program.

.

ot

‘ 1
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~ EXAMINATION.

I e

WIRE_JNSTALLATION AND WIRE DRESSING

Electronic Assembly Program. No. 4

Os
Oz
Os
O

Do all of the Steps in the Assembly Instructions:

S
.

" ASSEMBLY INSTRUCTIONS

STEP

NO.

INSTRUCTIONS

1

AWG #20 BARE WIRE (USE INGULATION)T(NS)/?(S)

AWG #20 BARE WIRE 8/9/10 (NS)

A= #20 INSULATED NIRE 1/13f15) - e -

AWG #20 INSULATED WIRE 2(5)/12(NS)

2
3
4 .
5

CUT 6" MULTI-CONDUCTOR CABLE STRIP ONE END 2-1/2" .
CUT INNER €ONDUCTORS TO LENGTH G 2~ 1/2“ BK ¥, WH 2" R 1-1/2"

6

‘INSTALL MULTI-CONDUCTOR CABLE: GN/5(S) ¥ BK/6(S) NH/]Z(S) R/T3(S),

7

AWG #20 BARE WIRE A-1/A-2 (S)

AY

-
-~

Get a terminal ]ué from Bin 51. Crimp the lerminal lug to a piece of
AWG #20 insulated wire. .

Get a splice from Bin 52. Crimp together two pieces of AWG #20
insulated wire.

~ . - ' ‘.

. . , . -4
Get a wire joint from Bin 53. Crimp two pieces of AWG #20 insulated

- wire in-the wire’ joint.

Get a connector contact from Bin 66. - Crimp the connector contact to a .

piece of AWG #20 insulated wire

»

. N

..Exhibit 22. Final_ExB@ination:_Wire Installation.

P
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Wire Harness Building and Installation

The trainee learns to read and work from a t§§; of wifing
diagram which is most commonly used in industry for building
and lacing wire harnesses. Exhibit 23 shows this wiring
diagram, together with the wire harness wﬁiéﬁ the trainee

builds as he worus through the instructional program. The
diagran serves as a full-scale matrix (harnges boardf for

routing and spot~tying the wires ;he.harnesé.- )

h ]
.

.

Specific learning objectives for the Harness Butiding program

include: - : . e ,

a. How to interpret and work from a harness board

wiring diagram, . .-

b. How to install wires on a harness board.
¢c. How to locate, make, and.stake spot tles.. B

.
-~

Exhibit 23. Harness Board: Wire Harness Building and Instaliationm.
¢

-
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.« . R

e d. How to install vire markers.
e. How to solder connectdr contacts to. wires.
- .

£. How to solder connector contacts to connectors

-

g. How to {nstall and remove removable contacts.
{

h. How to install wires in solder~-cup connectors.
\. .

i, How to install a harness on-a terminal board'chassis.

To complete the Harness Building program, the tratinee in-

stalls the harness he has 'built on the térmlnal board chassis

’ . he began building in the Wire -Installation program. Exhitiit
. . ~
24 shows what the chassis looks -like,at the end of the

Harness Building program. .

i - Exhibit 2Sishows trainees butlding their harnesses.

-
/
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H. Componén: Installation

In this program, the trainee learns to work from component

installation drawings to install transistors, rgsistois,

{

tors, etc,, on hothwterqua}~board'chassis~and—pf%ntedm;w~—
ciryoit boards. Exhibits 5, 6, 7, 12, and 13 show sample
i textbook and filmstrip frames,'togethe} with a page from

the peacher’s checklist, the final examination, and a page

S from\the examination checklist,

Exhibit 26 shows a trainee working on the Component .

e Instalilation program. . '

o

Specifi learn;ng objectives for the program include:

How to interpret and work “from component installa-

a.l
o \ tion drawings. -

h, How ra positton resistors and other compenents.

»

. How ro solder vompagents te turret, perforated, and

T-terminals. A ’ .

§ § memrt s

e
B

Exhibit 26. Trainee. California School for the Deaf, Riverside. .
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e

. _ g

. d. How to make mulciple component connections, includw

ing stackingu

?nw to- 1nstall componenta on printed circuit boards.

. R : g}_ec;rmic Asgambly Rﬁwc‘fk T&chniquas ST e T

Electronic assembly rework primarily involves repairing con~
nections and removing and replacing-terminals, wires, and

o . components which have been impropg?ly installed or.damaged, _
or vhich must be changed because of design modifications ~
originating after assembly has begun. ) -

' " Specific learning objectives include:
8. How to remove solder from a connection using &
solder draw or a soldermreﬁbving syringe.
" b. How to rewdrk (repair) solder connee¢tions.
¢. How to remove and replace wires between terminals,
d. How to reméve and replace wires in a wire harness.
e. How to remove turret and bifurcated terminals from
a terminal board.
* ' f. How to install turret snd bifurcaféd.terminals.
g. How to rework multiple connections.
> . . * -
- h. How to remove and replace components on & terminal L
‘ chassis, B
- . i. How to remove and replace components on a printed
- . 5 f ecircuit board. -

Exhikit 27 shows the final exasmination for this program. It
ig different from all of the others, in that the tedécher
" must watch the trainee work throughout the entire examina-
tion. Host of the questions require the trainee to do -
removal and replacement work which'will leave the electronic
chassis looking exactly the same as it did before rework

- began. B

. o ' | . )
’:E%Bdf:‘ ' ' ' f. §1 €§5§ . {

I
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. FINAL EXARINATION

“ REWORK _TECHNIQUES

«

Electronic Assembly Program No. 7

]

3... Choose any wire in. the harness _Conr _ct a replacement wire to the wire in

NOTE TO STUDENT: YOUR TEACHER WILL WATCH YOU WORK DURING THE EXAMINATION.

. .’

1. Put youn chassis in the vise. Remove component A 3/A -13. Remove the solder
from A-3 and A-13 with a solder draw. Get a replacement component fromwijn :
72. Install the replacement component to terminals A-3 and A-13. ' 'Y
2. Remove wire A-24/D-5 from the chassis. Remove the solder~with a so]der—
remov1ng syringe. Install a repTacement wire between terminals A—24 and :

D-5. Make the replacement wire the same as-the wire you removed
f

-~

the harness. Pull the wire oqt of the harness, and 1nsta11 the rep1gcement
- wire. '

& b
!
. K

4, Choose any wire in the harness. Cut and t1e both ends of the wire Iﬁetél1
a replacement wire a]dhgside the harness. '

o~
]

5. Remove a b1furcated terminal from a termina1 board. ' ?A - ; T

6. Get a bifurcated terminal from'Bin 79. Swage the terminal to any hole in
the tefminal board. '

. ' ?
7. Put your printed. circuit board in the vise. Choose any component with un-

clinched leads! Remove the component. .
. ) ' S . 7
8. Choose any component on the circuit board with clinched leads. Remove the

component,, Re- instal] the component you removed in ‘the sdme terminal holes.
!

k]

Exhibit 27. Final Examination: Electronic Assembly Rework Techniques.
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.E. Administrative Characterjstics
)

o
El
A
3

3

ki

» 1‘

- -

S

Length of the Curriculum A : . t\\

> | :

The programmed textbooks contain approximately 1,250 frames

AN

‘into two or three filmstrips per program in&order @o make

’,Y and Marg S., worked daily three-hour class peri¢ds. The

of instruction, as do the ?ﬁcompanying filmstrips.i This

includes Answer frames. There are only- seven progdammed: -

textbooks, HGt 18 filmstrips. Because dach program averages ﬁ\

approximately 180 frames, filmstrip content has beén spl&t

the filmstrips easier to handle.' - “

PEEN

Experience with tryout populations indicates that'a meanZ
time of apploximately 100 hours is required to complete the
entire éfourse of instruction, including final examinations.

Because .edch trainee proceeds at his own pade, however,§

individual comB}etion times\may vary widely, A fa$t tra@nee

may complete ipstruction in 50 hours or Tess. A slow indi—

vidugl may require 200 hours or more. R .1 g

Exhibit 28 shows a summary of achievement data for a grohp

of seven high school students who were *in a. ‘tryout populn-

tion for the last:four prog rams in the series. The studhnts

are listed in order of the quality of the electronic assembly
workmanship which they: produced. The best workmanship As :

ranked No. 1. 'I'he mext two best students pl‘:oduced ‘work of

Y 4

equal quality, so they are both ranked No. 2.

The data indicated that the student§ who ' produced the bEst .
workmanship also tended to work the fastest ‘and have the ‘ _'
highest final examination scores. However,lthe data do not “,
show one inportant variable ---‘tha length of individual

periods of 1nstruction. The two top-ranked students, Lagﬁe““““'— o

remainder of the group had only a 90-minute: class period each

day.
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PN N . | | ‘
Depending on the length of the individual periods qf instruc—¥
tion,lthe curriculpm may be programmed'fbr a fu}l year of A
administretion in a'h%gh school schedule, for one semester, ,: //

or for lesé time under special circumstances. The longer the

i
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Adaily perlod of.lnstructlon, the faster the pace tends to be.
r» . . -~ A )
An important administrative consideration is what to do with A

the frainee who finishes early.
S

' The fast learrer might serve as an assistant to the teacher,

A number of choices exist.

‘ ‘”yrepﬁEnishing hardware stock at the workbenches, building work *#
samples, -and tutoring thé\slower learner. The fast .learn . YAvW
eiso might be given assembly pro;ects to relnforcg what he has

learned with further work experlence, Improve his skllls, and | ¢

assure his ability to transfer what he has learned to work s

situations which are not identical to his learning experiences.

\\JF‘.Ideal'projectsAfor the trainee who finishes early may be found
Exhibit
. &

29 shows*one suech trainee assembling a capacitor tester. The

- among commercially available electronic assembly kits.
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California School for the Deaf, Riverside.
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‘A’._ : ( . Ve . R v _z:.'_'

kit for«this project contained a chassis; rts, and assembly
'1{"~ drawings which were quite different from thosd) used in the

instructional program. Nonetheless, the traihee was able to

capacitor tester wds subsequently put to practical‘use as
Sonppratantmys

workshop equipment.

. & - S " . - . A s
'f\ ¢ 2. Trainee Entry Reguirements o ~ ' !
\ . The_training,system was designed for the instruction of both
. ‘ » boys and girls of normal infelligeqce.. Good visual aculty

e ’ and digital dexterity.are required. " A reading grade level

-

. o of at least 3.5 1s necessary.

Any appropriatg vocational apﬁitude test might be used for
selecting trainees who are most likely to succeed in the
course. The Mechanical Assembly program, which is’ the first

‘instructional program in the series of seven,,also may be used
as a screening device. If a trainee is not capable of com-
pleting the course, it will become very ‘apparent within the

first four or five hours of-instruction.

.___,mmplete,_thecassemhlylﬂ_im_ng__s_g ificant’ problems and-the _

Ideally, the entering trainee should be motivated to qualify ‘

for the job of electronic assembler, or at least interested

in finding out what the job 1s all about. The systemAFs
self—motivating only in the sense that it will tend to main-
tain and strengthen whatever interest and motivation a trainee‘
begins with. If an individual is not interested in electronic
assembly work, there is little reason for him to be sﬂbjected

s

to the instruction.

A high' threghold for frustration also 1s desirable. Tryout
- expekience indicates, however, that a trainee 5 behavior in .
this training system may be ouite different ftrom his behavior

in other types of instructional situations.
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v A trainee with a low attention span in the conventional class- -
r ]
: room may spend hours on end absorbed in programmed self—lnstruc—

tlon at the %lectronlc assembly workbench. The tralnee shown

ﬁnmEXhlblt 30 had a school-wide- reputatlon as a dlfflcult

N s.1dent and a troublemaker. In conventional classrooms, her

attention span was lS or 20 minutes. She then would not only

completely lose interest, but also would begin distractlng

- other students with 1nterrmpt1ve behavior.

At the electronic assembly workbench, however, this student
R - . . - . i

, "consistently worked full 90-minute periods with rapt attention,
. -and refused to be*Qistractéd even by events (such as the

o - arrival of visitors) which tended to interrupt the attention
cw

and the work of other trainees. She appears aé Geraldine

L. —--- the third highest—ranking achiever ---,on the data

sheet shown in Exhibit 28.°

Exhibit 30. Trainee.

California School for the Deaf, Riverside.

v
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Tryout experience indicates that success in thé training
system results from a combination of. factors. The most

impoktant of these is probably the motivation that the

trainee‘starts*ﬁitn. The overall top~ranking tralnee om the
data sheet in Exhibit Zﬁ was a low achiever in almost all

other schoolwork, and was characterized by his instructorS'as

a time~-waster. It .may be noted that his I.Q. score of 91 is
only four points*higher than that of the 1owest—ranking

trainee, who also had the lowest I.Q. score.

L4 .
)

Teacher. Requiremﬁnts

Although the teacher s attentlion may be required no more thsn
about 10 per ceqt of an individpal trainee's time, it is

essential that dhe‘teacher be”immedidtely available whenever
a trainee needs him. For this reason, the constant presence

of the teacher in the classroom is required, and it is not

.

feasible for a teacher to administer the system while conduct-

ing other classroom activities with other studentsy

An experienced teacher should be able to effectively super-—
vise the work of 10, trainees, each st his own workbench. A
highly experienced teacher might be able to handle a group of
12 or more, particularly during the second half of the series
of seven programs, although he probably would require ~the
agsistance of a teaching aid during the first two or three

programs when demands upon the teacher are heavier.

For thevinitial administration of the system, a clags size of
no more than six is recammended. The teacher will be kept

quite busy. e

The most important qualification for the teacher is a know-

‘ledge of electronic assembly techniques and standards. The
/best qualified teacfer is ai individual with experience as an

electronic assemblef or as an,assembly supervisor or inspector
: A -

in industry. , i ’ .
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Because the progfammed textbook/filmstrip méterials beat the
burden "of. instruction, prior teaching experience is not

essential. And bacause of the high communication content of

SR — -;*the—pregrammed—textbook—and~£iimstrip—materiais7~previousm-———é-—————~

experience in communicating with the deaf is not a require~.

ment.

i

It is possible that a teacher with no pfevious'experience in
electronic assembly might acquire the requisite skills by
successfully working through the Electronic Assembly Se1f~

. ‘Instructional Training System before administering it. In
order for this to happen, however, a fully-qualified instructor
would be required to administer the system to the prospective

- teacher. i

4, Cost of Imstructibn .

. v The direct ccst of administering the Electronic Assembly Sel£~
‘ Instructional System consists of the teacher's salary, the
'_capital invegtment in electronic assembly hardware and filn-
;,“ , strip projection equipment,.and the’ﬁecurring\costs of
expendable materials.

- A single workbench can be installed, complete'with electronic
assembly gear, filmstrip projector, and screen, fqr-$l,000 or
less, depending on the exact types of workbench and projection
equipment selected. Multiple installations will cost less

because of volume discounts.

0f 51,000 spent for a workbench installation, approximately
$350 is required fcr the workbench itself, workbench acces-
sories, i.e., bins, racks, trays, spool, holders, etc., and a
work chair. A complete set of electronic asaembly tools and
equipment for a;workbench costs approximately $450. This
leaves $200 for the filmstrip projector and screen.




4,

Any conventional 35mm filmstrip projector may be used for tha 3
system, although a machine with;forward and reverse remote

control is recommended. Any.conventional rear»ptojection

3

’ 8creen is desirableﬁa‘The projector must be, aquippad with a

wide—-angle lens (3-1/2 inch or shorter focal 1angth) 13; order

to minimize the distance from the projector to the acreen.

- The cost of expandable electrenic assembly parts and materials
} may range from $12 to $25 per- trainee, d“)endigg on how much
of the trainee's work samplgs are salvaged and reused. 1In
-addition; plaﬁning budgets qﬁogid ineclude a cost of 510 pét
trainee for thevrepLacemgntfof projector bulbs, Representa-
tive bulb 1life is about 50 %ours, and bulbs typically cost
“about $5.00 each. - ‘ ‘

Instructional filysttips and the teacher's checkligts are
reusable; but the programmed textbooks,ufinal\ethination

materials, and most of che~other text materials are not.

2

Instructional filmstrip and text materials are distribﬂ;gd

. through the Media Serviced, and Captiofied Films Branch Bureau
of Education for the Handicapped u.s. Ofgﬁce of Education.
Cost of these materials must be obtained from the Media
Services and Captioned Films Branch.




1V.  DEVELOPMENT OF THE TRAINING SYSTEM | /

. A. Antecedents of the Project | » | =
.‘ -
e, R ,g§;=$;g;g;5579rogram, Division of Vlsual Aids for War ?rainigg_

. The con;&g;ual prototype Qf the Electronic Asseubly Self-
Instructioual Training Syatem for ‘the Deaf dates from quid
. War II. At that time, to help cope with the trainiug demands
. of wartime prcduction, the United Srates Office of Education- \ \
. astablished a Division af Visual Alds for Har Trainiag. Bev'
T twean January 1941 and June 1945, the Har Trafuing Program of =~
the Division Visual Aids for War Training producad\zg7 g)
film-based instructional units for skill training in 15 dif-

»

‘ ferent gkill areas.2

The title and the number of instructional units in each skill
_area geries were'as follows: "~ . .

3

o . - Njper
, Series Title offunits
’ 1. Hachine Shop Work —125 '
o - 2. Aircraft Work 77 - . -
) + 3. Shipbuilding Skills- . 40 v =
". 4, Precision Wood Machining 41 g i l
5. - Engineering . > 23 :
. 6, Electrical Work . L 28 .
7. Problems in Supervision 22 ‘
8., HNursing 14
9. Foundry Practice 14 .
10. Refrigeracion Service 15 ’ :
. Co 11. PFarm Work 18 *
v 12. Welding Procedures ’ }5
: : 13. Plastiocs T .
14, Optical Craftsmanship 6 !
15. Automotive Operation '
and Maintenance 19 . _r
Total 457 | s
: -
< ) »

zBrooker, Floyde B. Training Films for Industry: Final Report on the War
R Training Program of the Division of Visual Aids for War Tra&ning. Bulletin .
~ No. I3. Washington, D.C.: Federal Security Agency, U.S. Office wf Bduca-
t%on, 1946, 103 p.

-
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- filme represented a major departure from the counventional

- skills in solving tbqge probie:s

™~ ‘
The basic item in each 1ﬂ6tructioual uwmit vas & léea sound
motion picture., But thc approach to the production of these -
training Silme of the era: 432 of the filme were accompanied.
by & coordinatad 35nn filnstrip and an instructor's manual in
a Vi’ﬂfl aids’ package designad a8 a totally integrated in—
structional lyatea. The content of these¢ materials ‘vas
behaviorally oriented, in that their use was 1nténded to ré-
sult in the acquisition qf specific job skills rather than
marely zeach "about" the job: 1nsblved. The only enception
to this objecti s wvas in the oeriel dealing with supervilion. .
Here, najor emphasis was on daxnloping corrsct lttitudeo to~
ward problgnn of cupervisionurather than inntructlna opectfic

%

The scope of each visual aids untt uas ltmited to a single job_.

opetation. Typically..the motton plctu:c shoved the step-by-

[ 4

step procedures required for the performance of that operation. ,

.

The filmstrip, incorporating sxcerpts from the motien picgure,
not oniy provided ttép—by-atep reviev o0f wotion pdctire con-
tent, but alsa incorpoaated question-lnd-answet and other Y
types of learner participation Araaes. The wanual guided the
instructor in thejyse of the uotion pitture agd filmstrip,

and provided additional {nstructional dcta.

-

Static
subject matter whicl could be handled just as wvell 9: better
in & filmscrip vas aither givea short exposure Qr entirely

Hotion picture content was kzpt as compact as possible.

elimipnated in the motion pictures. Thus, because_of their
liuitrd objectives, and because they vers designed to be seen
several times if necessary ﬂor full nastery of their content,
:heoe wotion pictures were in‘¢ very :ecl sense the counceptual
and developmcntnx predecessors of today's single-concept loop

filme.
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The filmstrips averaged 40 frames in length. Most of the
frames vere identical in content to scenes in the accompany-
ing ao:iog‘picturé. Captions on each of these frames con-
sisted of ‘a short statement or question designed both to
prc;ide a review of motion picture content and to serve as a
stimulus for group discussion of kty,teachinglpo;nta. Other
filmstrip frames showed charts, diagrams, test questions and
Answers, etc. '

The instructor's manual supplied a detailed plan for the most
effective use of each wotion picture and filmstrip combinationm.
1t contained an outline of the motiou picture, together with
the numb?ra of the filustrip frames reiating to specific steps
in the motion pic;ur; outline. Utilfzecion data included sug:
gested techniques for overall presentstion of the content of
esch viaual aids unit, follow-up activities for maximizing

the effectivanesa of/film presentations. and a list of related
motion gicturen and filmstrips.

The content of the instructor's manual represented a signi-
ficant departure from existing practices in that it was limited
to the content of the motion picture and fil&strip which it
sccompanied. Tﬁe primary function of the manual was to or-
ganize motion picture, filmsrrip, and teacher activities

into an instructional unit, and to present tha teacher with a
strategy for most effectively using the unit as intended -~-

a8 a coordinated whole.

Although the yiaual'aida units were designed for group instruc~

tion, & great many learner-centered techniques were incorpora~.
» - ST

ted into the film materials to induce the greatest possible
degree of trainee involvenent* For szample, first-peradﬁ
camera angles we:e used in motiom pictures to show the per~
formance of a task frow the viewpoint of the individual doing
the worg. Firat*person; stream~of~consciousness commentary
and other ‘intimate types of narration were used as the sound
tr;cké for a number of films,

N



Participation frames in the filmstrips often were higﬁly
‘ imaginative. For example, the outlines of an automobile

engine might be depicted in white. lines on a black background.

This frame could be projected onto a blackboard, where the

outline would show up very satisfactorily, and a trainee would
be asked to chalk in the wiring system of the automobile ) -

engine.

2. Learner-Centered Audiovisdal Instruction in Industry

The Har Trainips Program of the Division of Visual Aids for

Har Training was a landmark in the movemen!t towsrd the con-

cept of audiovisual instructional systems for vocational

training. In many ways, it was ahead of its time. Hore

than ten years were to paéa before the scope and significance
of its achievement were matched by the introduction of audio-

visual machine instruction on manufacturing assembly lines in

an industrial approach to improving production efficiencyﬂé

In this applicétion. as deﬁicted in Exhibit 31, coordinated

. . slide/tape presentations were designed to provide a worker

with step~by~step 1nstruction§ which led to the completion

¢f the assembly work. Each workbench was equipped with its

ovn slide-projection and audiotape playback machine. The

worker raceived sudio instructions through a light-weight

; "headset. The paée of presentation might either be pre~

ﬁ}ogrammed or controlled by the worker.

3Peraselin,°Leo E. ég_%ggroach to System Design in Audiovisugl Imstructionm.

-Ph.D. dissertation, University Microfilms Order #68-5878, University of .
Southern Californis, 1967. 609 p. See "Audiovisual Instructionsl Systems
in Indystry," bp 236-283, for an extensive discussion of the Hughes and .

. other industrial and wocational imstructional syst applications; also.

"A Training System for Indusiry,” pp 481-504, for a morg “@laborate descrip-~
‘tiog and evaluation of the War Training Program of the Division of Visual
Aids for War Training discussed in/the foregoing pages. '

w b
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The first company to formally implement this system was Hughes
Aircraft Cbmgany. Culver City, Californis. Initially, begin-
ning in 1951; the company usedocolored.slideé only, with no

audio accompaniment. The slides illustrated each step an

‘ assembler had to perform-in long, involved series of assembly

operations. The application was immediately successful, Pre-
viourly required instruction time dropped, production output

rose, and’ the number of rejects due to faulty work plummeted.

Duting the pext few years, as the audio component was added,
Hughes engineers began designing their own audiovisual hard-
ware, and by the end of 1957 the company had produced its
first completely self-contained coordiasted slide and taﬁé
presentation device. This machine automastlcally changéd_h -
slides in response to either ay electronic pulse recorded on

the audio tape or the operat@r's pushing a buttom.”

By mid-1960, almost 800 of the Hughes devices were in use on
assembly lines in the company's manufacturing plants in El
Seéundo and Fullerton, California, and chson, Arizona.
(Exhibit 32} Through use of the system, electronic assembly
workers consistently were able to achieve from 90 to 100 per
cent of work standards. Without the audiovisual aid, the most
experie@éed assemblers were able éo achieve only 60 per cent
of the work standard, with less experienced operatoie falling
far below'this figure. Defect rates were slashed as much as
99 per cent, and rework was virtually eliminated.a

Other companies also began using the'approach pioneered by
Bughes. By 1960, comparable slide/tape presentation devicqs
had been built and were being used by Northrop Aircraft Cor-
poration, Hawthorne, California; North American Aviation, Ihc*,
Anaheiwm, California; Collins Radio, Inc., Cedar Rapids, Iowa;
Bandix borporation, North Hollywood, California, and Teterboro,
Mew Jersey; thE Boeing Cowmpany, Seattle, Washington; Magnavox,

4 "Robot Instructors Win Frienda and Speed Assembly,” Factory, November 1960.

b




Inc.,lFore We&ne,flndiana; Ampeéx Corporat;?n, Reﬂwood City,/, |
California; and Lear, Inc,, Grand Rapids, Michigan. In l961,~
Hughes and a number of other companies began to market their
audiovisual machines aud program development services com-

.mercially. Within a year, the\?ystem was being used by dozens :
of companies throughnut the courtry.

-

Effentiveness of the system was typified by the exéerience of
Republic Aviation Corporation, Farmingdale, Long Island, New
York. At Republic, audiovisual instruction.on the assembly
line boosted productivity, cut t;aiuing:time, and'elashed *

- assembly costs by mbre than 40 per cent. In the company's
mapufacturing engineering section, missile-guidance subassembly -
nodules which previously had taken 15 to 18 hours to complete

were cut to nine hours of assembly time.5 : .

It must be clearly understood that the industrial applicatiens

noted above were those of a performance aid rather than a

1earning aid. The slide/tape preSentation was, in effect,Aan
<audiovisuel‘b1ueprint. The worker already needed to knéw the
basic assembly skills required for following that bluepriﬂt.
. The objective of the instructional program was impnpved;pre;"
duction, not learning. The system proved most effectivé where
learning on the part of a worker ﬁ%g only was unnecessary, but
mighe even be undesirable and detrimental to further prédu&tien.é
At a time when the appearance of "teaching machines" was creat-
Cing consideraeﬁg stir in the eduegtional community, the in~
dustrial slide/tape performance aid was proving to be the

. perfect "non-teaching machine." ¢

T
L

hY

? nColor-Sound Slides Speed Assembly,” American ﬁachinist/ﬁeralworkin&
Manufacturing, April 39, 1962, PP 108~110.

6 Persselin, Leo E, ' "Auto~1nstructional Technology and Data Processing,"

Data Processing for Management, VI, No. 4, April 1964, pp 9-12.
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Inevitably, however, industrial users of the:audiovisual per-—

formance*aid began to experiment with learning applications.
It was apparent that some of the inherent advantégeé‘gf slide/

tape’ presentation for assembly line production might pay off

just as well in learning situations. 4s a result, hy mid-1963
learning aid programs were being used by many of the companies
which had experimented successfully with performance aid appli-.
cations. None of these early programs, howeyer, 1ncorporated
the basic features of learner response, immediate feedback

etc., which typify programmed learning.

~,

L4

" The early industrial slide/tape'1earning'aid*programs~were T e

essentially equivalent to %he sound—filmstrip presentations of
‘the period, except that they were designed for indiVidual /7
viewing and pacing by the viewer through use of one| ' of the
machines, designed for assembly line use. Program content was
typieqlzz,in the form of a straightforward presentation. No
text material accompanied/the slides and tape no Question— -
‘and~answer content was included, and the? viewer was,  required

to do nothing but watch, passively during program presentation.
For the mgost part, the programs were 1ntended as supplementary,
non—essential materials for introduction or meview.‘ Typically

their running time %as short. ! T - | _ /
- . v /

'Many of the early/learning aid programs dealt with basic elecﬁ
“tronid assembly/ékills. Hughes Adrcraft Company, fpr example,
produced a seriles of eight learning aid programs with the i ¢
following titles. Use and Care of Small Toods, AssembAy :
Soldering, Etched Card Assembly, Mechanical A8sembly, '
Component Installation, Wire Installation, marness Building,

and Rework Techniques. Each program averaged approximately a
40 slides in length. The individual presenuation time of each T

program ranged from 15 to 28 minutes, depending on the running
time of the individual tape. Total presentation time for all \

-

5 L 4

i
|
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eight programs was’two-and~a-half hours. Since no learne
response waS required duxing program pfesentation, it wa
' not essential that the programs be viewed at an electronic

4

assembly workbench.

Despite the limited iT:fning applications of these early in-
h

" dustrial programs, they-were in fact the immediate develop-

mental predecessors of the Electronic Assembly Self-Instructional
Training Systém for the Deaf. The'industrial experieneg stimu-

. lated research into the use of the learner-centered audiovisual

technique both ds a learning aid and as a performance aid for
-“—-~;wthe“handicapped;-“Themfirst'impactfen"special education was
not on educatidn of the deaf,-howeVer, but on instruction for

mental retardates.
.8

t

3. Programmed Learning;foi‘gpecial,Education

Beginning in the early 1960's, a body of researcﬁ findings
began to be éestablished which showed that learner-centered
audiovisual programs could substantially facilitate both
learning and retention by the mentallyxretarded.- It was

' deﬁgnstrated that the Hughes synchronoﬁs slide/tape device,
providing individual instruction at the,learner'sfown pace,
could significantly‘impro?e the learning\bf job skills b;
retardates. 7 Research’ projects also indicated that sound ‘

o ———motiod Plctures and 8mm film loops could significantly con-/

tribute to the learning of job skills. 8‘ ? ///

. ot -
-~ . -
) Wy .
~

Neuhaus, E.C. "Programmed Audio—Visual Training for .the Mentally
Retarded," Trends in Programmed Instruction. Edited by Gabriel D. Ofiesh

"and Wesley C. Meierhenry. Washington, D.C.: Natignal Education Associa-
~ tiom, 1964. pp 98-10q. 7

Goldstein, Edward. Selective Audio-Visual Iﬁstructioﬁ/fbrdﬂﬁhtally

Retarded Pugils. Springfield, I11.: Charles C. T§pm9é Company, 1964. 96 p.

Bitter, James A., and Bolanovich Daniel J. "Job Training of Retardates
Using 8mm Film Loops," Audiovisual Instruction, XI, No. 9, November 1966,
pp 731-732. /

y ) o |
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Exhibit 33, Newspaper Clipping: "l.ook, Listen & Learn, Audio-Visual Training."

. , R .

‘ L ) ' Y . : :
_Research findings were not limited to job skills. *A si;E— '

N\ instructional program incorporating the dse of an automdtic )
slide projector was shown to substantially, increase  the re-

tention of vocabulary learned by retardates.'10 A ten-week

rprogram'p'rimarily consisting of 440 slides, tape recordings, .

and lesson plans improved the results of instruction in

11 -

- social adjustment.

In performance aid applications, it ‘was demonstrated that in- .
dustrial assembly line techniques of synchronous slide/tape

presentatipn could be used very effectively in sheltered '

workshop situations, both for the mentally rétarded and othérw

~handicapped populations. Exhibit 33 shows newspaper clippings

ol et W eat BV
"ﬁe"x\d“ 'ﬂ‘ °m‘:§’ ‘h%n’l
W;a m‘“\ i} I “\,c. iy
O, Jiane, w““\;m\#‘
cy-u\i\ﬂ“' Mﬂﬁ\
ﬂ”mN”<

10

1r

Vergason, Glenn A. "Retention in Educable Retarded Subjects for Two
Methods ‘of Instruction,' American Journal of Mental Deficiency, LXX,
1966, pp 683-688. ~ , ‘

Edmonson, Barbara, et a1 "Teaching Retarded Adolescents to Interpret
Social Cues." Paper presented at American Association of Mental |
Deficiency Convention, /Chicago,_Illinois, 1966. T ‘ |

e 7Y
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describing one su application~at Opportunities Unlimited,
Inc., Long Island, “New York.12

During this same_period of time, research into picture-based,
learner-centered instructional systems for the deaf was

- focused on language learning and. speech teaching. Experi-
ments with programmed learning were indicating that ¢

.  programmed self-instructional approaches could be extremely ; |

- effective for deaf educat}on.13 Based\on these findings, and A %
foilowingAa need assessment in 1963, Captioned Films for.the :
Deafo U.S. Office of Education, in 1964 created Project LIFE

iw(Language Improvement to Facilitate Education of Hearing

Impaired Children)

Project LIFE had as its goal the.development of programmed
language materials to supplement.or:complement language - learn-
,1hg for hearing impaired children starting at the pre—school
‘1eve1. Content was" to be_developed around three basic ‘
concepts' the concepts of self, physical environment, and Y.
soclal~relationghips. Instructional media were to “evolve in
_the"£§:§ of coordinated picture books,.concept—oriented pic-

ture dictionaries, workbooks; and programmed filmstrips;

12

13

14

Review» Garden City, L.I., N.Y., May 8, 1963. "

"Loek, ,Listen & Learn Audio-Visual Training," Long Island Commercial

-

Beckmeyer, T. ‘"Application of Programmed Instruction to Remedtal Reading
for the Deaf," Volta Review, LXV, 1963, pp 415-417; Falconer, G. A. .
"A Mechanical Device for Teaching Word Recognition to Young Deaf Children."
Doctoral dissertation, University of Illinois, 1959 Fehr, J. "Program-
ming Lahguage for Deaf Children," Volta Review, LVIV, 1962, pp 14
%a,

Karlsen, B. "Teaching Beginning Reading to Hearing Impaired Child
Using a Visual Method and Teaching Machines,' University of Minne
U. S. Office of Education Project No. 1204 1966; etc.

'Ongoing Project LIFE activities are sponsored-by the Media Services and i

Captioned Films Branch, Bureau of Education for the Handicapped, U. S.

Office of Education. Project LIFE is administered by the National Asso—
ciation, 1156 15th Street, N.W., Washington, D.C. 20036. ‘Project : D
Directpr is Dr. Glenn S. Pfau. -

’.v -
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Aruitoxt provided by Eic

: \
- . The use of all of the other Project LIFE materials wés based
. on the programmed.filmstrips._ These were designed for indi-
‘vidualized self-instruction through the use of a specially
designed control-and-response console to which a conventional
filmstrip projéctor might be connected. The learner views
filmstrip content via a table—top'}ear~projection‘screen, and
responds to instruction by means of multiple-chodce push

buttons. Programming is linear. Feg@back is by signal light.

Exhibit 34‘§ho&5‘the Project LIFE programmed'filmstrip
arraﬁgement'in a stﬁay carrel. The projector is on the - left.
bAvsmall reér~proﬁect£on»5creén‘is on the right;j'Thé'éoﬁtrol;"
and-response console is a developmental model. The model -
curgently in use iskﬁgre highly refined in appearance, but
basic design ‘aspects and functional ché?acteristics are

essentially the same.

et

3

-

. & . .
Exhibit 34. Project LIFE Device. American School for the Deaf,

v West Hartford, Connecticut. . : .
v r h"le" . 8'1
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L ﬂeﬁtning vocational

-

* Exhibit 35 shows til

advanced programs.

. I

.transfer'learning<ﬂ

respond to symbolsi

1

Inﬁréviewing the pé

simi}arities were ﬁ
“the hard of hearing
appeared to be” easi
Bd

and. reinfbrcement ﬁ

attention span.

to lack common soci

maintaining a job."

appeared to respdnd

. a4 "
presented on a‘nbnverbal level

N 7 P

Based on the succe

! THe symboié opposite‘the answers cor-

-

4 .
b filmstrip frames from one of the more

1

bn the console pushbuttons.

ssibility of a.film-based programmed . ‘
training aystem for the deaf, a number of
bted in the learning and work behaviors af

and the retardate. Both types of learners
Ly distracted and _typically have limited

th appeared to need continuous repetition
pr learning, an shave limited ability to
rém one .situat onutakanotheru.‘ﬁnth appeared . . _
al and work experiences assoclated with

On the dther hand, both'types of learners

well to concrete learning experiences

e

s ful performance aid applications of

learner—centered adﬂiovisual instruction ih industry;’ the en-

couraging results 0

training of the meTtally retarded;

research dealing wi

f industrial techniques used for vocational
the positive findings of

th prdgrammed learding effectiveness for

the deaf; and che4¢arly proriise of Project LIFE, it seemed’
like the jidea of tWe Electronic- Assembly Self-Instructional

Training System fow

the Deaf was a good one. - '
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. : B.

Chronology of' Project Development .

The proposai for development of the Electronic Assembly Self~
_Instructional Training System/for the Deaf was formally sub~-

mitted to C&ptioned Films ﬁpr the Deaf, U.S. Office of
Education, in September 1 66% The proposed project develop-
ment had two cbjectivessy ’ . ’

>

1) Firsgt, to créate a course of vocarional traioing
for deaf high school students which would prepare

/
those s;ﬁdents for jobs upon graduation, s

lr

2). And nd, to base the training courge on. & model
of nstruaﬁihg which could serve for the development
d improvement of other curriculum, both vocational
and academic.

The sfiodel proposed was that deplcted inm Exhibit 2.

Electronic assembly was chosen ffor course eontent'only in’
bart because ‘of the history discussed in the-foregoing pages.
Prior to preparation of the proposal, a survey of employment

opportunities had indicated electronic assembly to be an

ideal job &rea for deaf high school graduates.

With growing emphasis by the military services on electronic
systems, and with a growing consumer market for electronic
products --- television, transistor radios, tape recorders,

etc. ---~ an unending need for skilled assembly workers was

* foreseen. The job of the electronic assembler appeared to
be well within the range of the deaf individual. Electronic‘

- assembly work requires manual and digital dexterity and the

ability to interpret and*carry out -graphic instructions, but

‘it does not necessarilv demand listening or spebking skills.

Furthermore, jobs in slectronic assembly are open to both

pen and women.




L

¢

Companies which had-hired and trained their oﬁ% deaf assem-

blers consistently reported that ‘the deaf or hard of hesring
iﬂﬁf;idusl \typ;cally did very well on the job. se com-
panies included Hughes Aircraft Company, Culver City,

v Californiaj the Boeing Cofipany, Seattle Washington; "Pektronix
Corporation, Beaverton, Oregon; and TRW Systems, Redomdo

Beach, California.
6 ¢ K .
Finally, not only does electronic assembly work pay well,

-

but also an entry level job can be the first step on a career

LW ladder. The job of electronic assembler has senior and -

. - --specialist grades, and on~the-jab and other company-~ptrovided
- training can open the door for advancement to jobs such as
those of quality amssurance inspector and electronic techni-

cian. ’

' — The pﬁpject groposal outlined the followidg~seqaéﬁ&e'of pro-
cedures for program development {(Exhibit 36)¢

1) The first phase of the development effort would s
» consist of .an analysis of the electronic assembler's
jhb to 1d;ptify:whac specific skills, knowledge, and
attitudes would have to bé.taughQ. '

2) The results of :he'job analysis would serve as the
(basis for the construction of behaviorally defined
learying objgctives.ls ‘

¢ o

15

Mager, Robert F. Preparing Instryctional Objectives. Palo Alto,
California: Pearop Publishers, -1962. 62 p.; Mager, Robert ¥. and Beach,
Kennth M., Jr. Developing Vocational Instruction. Palo Alto, California:
Fearon Pubiishers, ¥67; Mager, Robert F. Developing' Attitude Toward
Learning. Palo Alto, California: Fearon Publighers, 1968.

~
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Exhibit 36. Procedural Hodel: Instrictional Systen Devalopment.
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3) Lesson writidg vould begin with the organi;étlén of

' leirning cbjectives into a course outline, folloued
by developuwent of a lesson plan and the ptoduétion
of draft instrucfional matérials. Leason writing
would take into account the special characteristics
of the learner population and pertinent considera-
tions related to school administration in education
of the deaf.16 '

4) Developmental trydut would consist of limited but
intensive testing of draft instructional materials
with & limited sample of the learner population.

The purpose of teaéing at this point is to expose
basic deficiencies in the curriculum before lesson
plans are finalized and expensive ptoduction work

is begun. The number of tryout subjects might con- .
sist of qb more than a single, well-chosen individuanl.
The kind of deta obtained is not intended to lend
{tself to statistical amalysis, but is for theryuru
pose of showing where revision and/or further reflne;

ment is necessary in lesson Hfiting;ﬁ

5) 1t was proposed that. prototype film materials be
pgé&uced as 35om slidea rather than Mlmstripe, in
ﬁ;ﬁér to provide for maximum flexibility in on-site
trfoqt adainistration - and revis@pns following tryoutr.

o 2 o o S

16

For .a brizf but more comprehensfve discuaéion of this and other elements
in the development process, Persselin, Leoc E.. "Vocational Guidarce Film

Geries: A Review and Analysfs with Regcpwmendations for Revisiem," Teport
- submitted to Medis Services and Captipned Pfims, Bureau of Efducation for

the Handicappcd. U.S. LEfice of Bducation. TRW Systeﬁa Redondo Beach,
C&iffomla, Decenbet 31, 1970,

' o

T w79 ( "7”
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6)

[2)

8)
’.Hould'follou‘introQuction of the system into & number

On-site tryout would take place in representative -

QChoqla for’the deaf, with prototype program content

,admiﬁiltered'by school personnel. Revision of the

prototype materials would follow on-site tryout, with
the cycle of tryout and revision contianuing until
inatruccioqal objectives were satisfactorily met.

Production of the classroom veroion-of the system
worild consist of producing film materials in the
form of filmstrip. and cowpleting preparatiou of all
other -ateriaip ‘required for introducing the syatem o

.1nto a school on an “operationel basis.

&

Classroonm dEnonsttation and evaluation of the system

of reprenentative schools. , - -

Caption‘d Filas for - the Deaf accepted the proponcl, and it
was dgcidad:thatbjhg deve;ppaental effort should begin with
the prototype production of three self-instructional prograns -

| only.

Cogpletidn of the program series would be determined

" by results of the on-pite tryout of the first three programs.

The contrapt for produciion of the Eirst threp programs was

given to craphic Filmt Corporation, Hollywood, California,

and wark on the project bcgan in Hay 1967

17

-The 1nitial phases of the development effott ~~= the job

anaiysis and specification of tearning objectives -~- wvere

conducted by Donald R. Bébinson and J. Norman Swaton, two ’
highly experienced inétractional programmerz with extenaive )
' :perience beth ig- technical tra!ning and programped learn- o

ing.

0

H

%

17

The initial proposasl \ias prepared and submitted 'by the Project Director inm

Systems Division, Yughes Adrcraft Compaty,’ Fullerton, California.. It was
intended-that Hughes be,. the contractor, but the compariy declinegd the op~
portunity because a co%porate,deciaion had beeu made to disaolve the

o
his capacity of Director of Instructionsl Systems Development, Videosonic . ]
|
|

Videosonic Systeme Bi#iaon.

-po- .-‘s“s




The job analysis included visits to both large and small
eleccronics manufacturing plants in the Los Angeles area. In
addition, -relevant training materials were reviewed. These
included NASA specificatiops and instructional materials; the
Hughes slide/tape electronic assembly training series; and a

. self-instructional audiovisuai program in éoldering skilis

| produced by General Programmed Teaching Corporation, Los
Altos, California, for use at Jobs Corps Training Centers.

. - The job analysis resulted"in learning ébjéctivea and out-

1ines for, three introductory programs: Use and Care of Small
S Tools, Mechanical Assembly, and Assembly Soldering. Technical
/ consultagt (subject-matter expert) during this and subsequent

phases of development of the first three programs was Roger
Taylor, qualicy asantagcé engineer, North American Abiation.

inc., Downey, California.
P ™

Program planning and initial lesson writing took hlgce dur- -
"iog a six-week production workshop conducted by Mr. Swaton

and Mr. Robinson, and attended by Henry R. Zink, electronic .
assembly instructor, California School for the Deaf, River-
side; Harold Ramger, high school science instructor, Califor~_
nia School for the Deaf, Berk ;_and John M. Fessant,
supervising teacher of vocational education, Oregon School

s _ N for the Deaf, Salem. .

All of the teachers of the deaf were familiar with programmed
learning, but none had extensiv:/progtam wricting experience

prior to the workshop. By the same token, neither Swaton nor

/ Robinson had previous experience in deaf education. During
: the workshop, which took place in July and August 1967, the
. L

three teachers of the deaf réceived intensive instruction in
programmed learning techniques, uﬁile the two prograpuers

‘ . learned about the characteristics of the deaf and the hard of
‘ hearing, and sbout problems in deaf education and school
administration. ’

4
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At tthconclusion of the sixJQeg# yorkshép, draft versions

of three instructiuﬁal prcgramsﬂhad been developedg and
graphic.ati.and ghotogtaphy had begun. Final program edit-
inga’gtaphic art, and photographic production were completed '
by‘Hr. Swaton, Mr. Robinson, and Graphic Films personmel. .

During the fall semester 1967, tryout of the programs begean
at the California Schdols for the Deaf, Riverside and

, Berkeley, and the Oregon School for \the Dea? Salem. One
electronic assembly workbeinch was set up at each of these
achoole, installed in the claasrooms of the teachers who had
participaﬁéd in tha production workshop. These teachers now
began administering the programs for tryout purposes.

By‘tﬁe syiing of 1968, tryout results of the first three
. v programs lookad good enough %c that. a decision was made to
M" ‘ o complete‘the series. The contract for development of the
ﬂ | remaining programs was given to. TRH Systeua Group, Redondo
e Beach, Californ;a.

Beginning in March and coniinuing through December 1968,

- draft versions of four inatructional programs were deveidﬁéd\
Wire Instaliation, Wire Harnesa Buildiﬁg natallatiou,
gggponent Igstallation, and Electronic smb vy Rework Tech- -

{
,nignea.

| Again, program development began with in-plant job analyseg, ,

followed by apecificétion of learning objectives and lesson
writing. Under subcontract to TRW Systems, Mr. Robinson and
Mr. Swaton conducted the job analyses, produced thé draft
versions of the indtructional progrems, and&conducted develop~-

mental testing. Mr. Zink served éa'a consultant in develop-

mental testing. Pypgram content vas reviewed an¢ language
and reading consultation vas provided by Dr. Wigiiam Bles,
coordinator of Ianguage and reading programs for Los Angeles
City Schooia..




" color trangparencies which the prints repraﬁented.

assembly workbenchee were installed. Train¢es who already

The‘devélopmental testing version of the prégrams ¢onsisted
of Black~and~whité Polaroid prints mounted in a workbook. '
The Polaroid prints were mounted on the sam# page with the
programmed text frames ultimately.intended *o acco$pany the

The Polarcid~print materials were administe;ed to & single
trainee - a representative high school stﬁdenﬁ'f om the
California School for the Deaf, Riverside. 1'l'he trainee went
through the entire course of instruction ghile being closely

And cb ultanta.
!

monitored by tie instructional programmer
The trainee was free to question the monirofs at any time,
and the monitors periodically interrcga;ed~§he trainee.

P - ' - ; |
In Januvary 19ﬁ9, after all four programs haJ under one ) ’
davelopmental testing and final editing, préductio of color
transparencies was begun under the suparvision of llen M. .
Howarthy, sénior assembly instructor, TRW Syétems. ‘During
the spring of 1969" ‘five setg of 35um slideé for e+ch of the
four programs Were produced, tcgether with 4ccompa$ying pro-

grammed. text and instructot s materials. | !,

During sSUDmer a;hool 1969, tryout of the prototype; version of

the four programs wasg conducted at the ualiiornia échoal for

the Deaf, Riverside. Pour completely equipgad eleétronic

had completed the first three programs in phe series worked
90-minute periods daily. Those traineeérﬁtgrting with the
introductory program, Use and Care of Swall Tools, spent

three hourd a dsy at the workbench. The six-week tryout
session was administered by Mr. Zink and Miss Howarth.

-
!

Bxhibit 37 shows members of the project staff monitoring v

tryout activities at Biverside. , '’
/

’/::85« 31/?»2, | '. 1
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Exhibit 38 shows & newspapér clipping which describes the

Riverside tryout.l8

The remainde? of 1969 was devoceé to revision of the four
+  programs which had undergone, tryout during summer school.
In additiom, tryout data dealing with the first three pro-

A grams were acquired and analysis begun. , <
. . .
3 : ‘ ’\During development of the last four»programs in the series,

tryout of the first three programs had continued inot only at
Riverside, but at the singlg:yorkﬁench ins:allag!&ns in’
Berkeley and Salem. Site visits were made to all three of
the schools to collect teachers' log books and all of the
programmed textkooks in which traineea had entered written
responses, and to interview both the trainees and the .
teachers ——~ Roy Pleyler, who had replaced John Fessant as
the teacher in Salem; Eric Mdlzkuhn, who had replaced Harold
Ramger at Berkeley; and Mr. Zink. ) '

Tryout data from the first three programs were subjected to
bqth item é&nd s;atistical analysis, and revision of th@ppro~
grams began early in %970. A major reorganization'of:prOu
gram content resulted in the program titles and outlinés as
_ they now exist: Program 1 - Mechanical Aspembly; Program

# - 2= Wire Preparation; and Program 3,~ Assembly Soldering.

-

As in davelopment of the last four programs, revigsed
materials for the first three programs were subjected to
testing In the Polaroid-print format before final.COibr _
- photography was bégun. In this instance, however; devlop- | Ly
mental testing was conducted with junior high school students ‘
at the Southwast Los Angeles County School for the Deaf, e
Lawndale. |

S 18 “Program Accelerates Teaching the Deaf," Los Angeles Times, August 3, - _ .
g . . 1969, Section D, p 15. ‘ :

‘ A ‘ ! . q;) "
) by A¥

| [;BJ}; ! ,‘ I .f | 8?— | - h'//.




. BY URSULA VILS
. Times Stat Wriller

The teacher had the
highest praise for a teach-
ing system sometimes cri-
ticized as being "imperso-
nal.”

“This .program,” said

Henry Zink, for 10 yearsa

¥ & teacher at the California

-, School for the Dedf, River-

gide, "feaches as much in

/—ﬂwgeeks as 1 could in 36

weeks of conventional in-
stmc'Lion." y

. ™ _ He referred 1o a pro-

gramed method of tesch-

ing electronic_ assembly

that iz being tested and

. refined at the school. Al
h though used to train deaf

teen-agers for jobs as elec-

{ronig assemblers, the pi-
lot project sought to deve
lop a way io train other
_ handicapped persong—in-
cluding tHoze hobbled-by
poverty and Jack of educa-
tion~-for gainful employ-
ment in & growing indus-
try. - A
Project Director

Health, Education and
. Welfare has -funded the
program and will make it
avaflable to train others
throughout the nation,

vate industry to hel
maka the program pacti-
cal. not theoretical.
“Dr, Leo B, Persselin of
. TRW's civll systems cen-
ter is project director,
with Ellen M. Howarth,
who directs slectropde
training at TRW, as tech-
nical director. Dr. Persse-
lin iwatched as four deaf
teen-agers—two giris, two
boys——worked and studied
.at thelr benches. .+

A

Ros Angeles Wimes

| . _
Program Accelerate

The Department of

HEW also cailed en pri-

Exhibit 38.; Newspaper

-

*Bach student has a

workbook that guides hifn

. step-by-step in actually
assemblying an electronic
s!rcu.it. *Dr. Persselin said.
Before him he has a tray

of slides and projector,
and he refers to these as

instructed by the work~ ~
book. K L

Individus} Attention

*The teacher-—in - this
case, Henry Zink — is
available to answer ques-
tions; glve individual at-
tention where necessary
and to check the students'
work.” : ‘

The program includes
seven steps ranging from

learning the care and use -

of fools to electronic as
sembly rework¥ techs
niques. . . -
“We figure z studmt
needs about 10 hours euch
on each of the seven
steps,” Dr. Persselin sidd. ’

"That means that in 70
hours he can qualily as an
entry-level -electronics as-
sembler in industry,

*But each.studeny
‘proceeds ot his own pacey
and some have gone
through in as lttle-as 35
hours.”

Zink, who has served s
2 constiltant 4n developing
the program, admitted he
is amazed al its surcess.
He explained some of the
difficuliics of 1caching
deaf students. ’

*We teachers have {o be’
good. actors as well as
teaghers,” he sald. "We
Hmit our classes to 12

. 8 ts atid we fight to
hold their attention for 15
, minuies.

-

»

Sun., Aug.3,1969-See.D 18

s Teaching the Dea

- tdrded, - for ghetlo res

" dering & wire.'

, Ruhiug evel
"But T've seen students
slay with this electron}n

!
|
\
|
‘l | ! | .

-assembly training 180 mi-
nutes at a time. The basic
principle of this type of
instruction is| that the -
student has to take certain -
action, has to |perform a
divecteq task such as sol-

*He must respond lo me :
instruction, and this seenys
;?j keep him-more inieres‘b

Zink also said thal the
jow reading Iegejs of deal
students - a. deaf high
school graduaté may read
at slxth-grade level or less
--makes any kind of in-
struction difileunlt, |

" *Some of ti‘nese At
dents,” Dr. Persselin said,
*read at only| third or
fourth-grade level. If this
programed 1} ng -ap-
proach can sucpeed with
them—and we fesl {t hag

it opens ali| kinds of

doors. It can be used for
the educable mentally ..

idénts with mintmal edu~
cation, for many others.™ .
"Sﬁm of the by-products

of thiz program,” Zink -
said, *ks teaching dn- -

sge. ‘I've noticed 2 big,
mprovergent in my stu.
dents' laf\guag& skills
They seem’ fo absorb it as
an automatic part of the
program.* .

The students worked on
despite the ending of the

od, and Zink had to

stop them. One of the most
reluctant to leave’ was
Geralding Logan, a pretty
girl with & warm, serenc
smile. )

'Geral&ine.‘ said Zink,
“w;{sj ?baolu;,ely got igteg’-
ey ni ut she i1s
{ascl nawdygri’}.ﬁ' electronics
assemnbly. And she's -a
smart girl—-she'll make a
lot more money in electro- _
nics assembly. * /

Clipping: "i’;:ggram Aé)c/qleratas Teaching the Deaf." -
1 -
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Through £he c00p;ration of Dr. Hérry Murphy, principal of‘the
Southwest Los Angeles County School{ an intensive two-week

; N ‘program of developmental testiug.was'cénducted, using se&en

- . 5 - 13- and l4-year-old girlé and boys with reading achievement P

; | . at the third- and fourth-grade levels. Only selected seg- . ¢ L‘
ments of the program materials were tested —— approximately Ea ;
onetthird of the total contert of the three programs., How~ |
ever, mdterial from all three programs was inclu&gd.,

Under normal system administration, students as young as
those in the Lawndale test group would never be aCcepted!
. . as trainees, The purpose of testing at this age 1eval was C/
. o , to revise the reading level of the _programs.as fat dowawgra '
as possiblg.' In achievement of this goal, important contri—
butions were made by Dr. Blea in his continuing c#pacity of

1auguage and .reading consultant.. ‘ . 1,/

- New photography and text production for the first three %roé -
~ grams began concurrent with the production of Eilmstrips}and
other materials for the clas#rcom version. At the sama.time,
< >‘ L - plans .were being made to introduce the system into a number
B ’ ' of schools for demonstration and evaluation. | ‘f

r ) L - In the spring and early'summer-of 19ZQ,,four institutions
R ; - were selectyad for this purpose: ‘Amefic‘:an School for the Dgsaf,

- Y/ - VWQSt Hartford Connecticut,\gylifnrnin Schools for the Deaf,

: - ‘iveraida‘and Bérkeley, and the Salem Rahabi;itatlon*?acllity,
. . | Oregon. " The reason fcr including the rehabilitation facility

e - - . was to evaluate the syatem for instructidn of other handi~

* . capped populatinaa as well as the deaf.

;




With the beginning of aschool during the fall semester 1970

a total of 24 Wbrkbenchas were, installed at the four demon—

stration sites -—- eight workberchés at American School for'

the Deaf, six workbenches at California School for the Deaf,

. Bérkeley, five at the’ Salem Rehabilitation . Facility, and a
fifth workbench added to the four already at California

g . School for the Deaf, Riverside. : A o N

., | At yaar .8 end, instruction was well underway at both of che )
' California Schools.for the Deaf, and was scheduled to begin HERN
early in 1971 at both Bmerican School for the Deaf and the -
Salem Rehabilitation Facility.,




V.  ANALYSIS AND EVALUARION | ' -

»

As noted in the foregoing p_ges, the classrooﬁ version of the

Electronic Assembly Selfvlnitructional Training System was introduced
into schools on an operatio‘al basis during the fall semester 1970. - .
' -As of the date éf this repoﬁt; two school hadtbegun using the system:
‘. the California Schools for &he Deaf; Rivexrside and Berkeley. Approxi-
- mately 30 trainees had begua receiving instruction at the electronic e
assembly workbenches., None |of these trainecs; however,‘had advanced

beyond the third progrém in|the series,

Obviously, insufficient evi#ence exists to draw any conclusions from

the demonstration and eval

gtion phase of the project at this date.
However, during development]l testing and m-site tryout of prototype
instrﬁccional materials, approximately 85 rcprésentative deaf and

series of seven self-instrugtional programs. While Conclusions drawn

hard of h&aring boys and gigxs qompleted all or at least part of the
from thelr experience are n&cessarily tentative and 1ncomp1ete, sub-

stantigl data do exist whic ?rovide clear indications of system |

1
effectiveness. :

The discussion which follow# is based on performance data sccumulated
'during the ﬁevelopmental teﬁting and on-gite tryout of prototype
materials, and during the f&ll semester 1970 at the California Schools
" for the- Deaf, Riverside and|Berkeley. '

AJ ‘Inscructioual Effectivemess - :" ~ .

ALl evidence indicates fhat 1if properly adminiatered, the in~ ..
" structional system will jresult in achievement of the spgcified
learning\objectives by deaf high school studentd of at least nor-

mal intélligesice snd & }.5 grade level in reading.

|

|

|

|

1

, . \

/ QOther instructional benefits are alao'indicopéd,' Substantial i
improvements in reading éBiliE&, languagé'skills, and study habits ° J

‘ were noted on~the part‘of chose trainees who cowmpleted the in-
o /// ] ) structional programs. - “~ i
v : |
. P l
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| Becauee improvemgnt of reading and language skills was not one of

« the specific objectives of the project, no statistical data vere
accumulated to show this improvement, However, trainees with :
median qr low reading abilities, and with no previous exposure f
to tech?ical terminology very rapidly began adding words to their \
vocabulary Like the following, anti-wicking tweezer, bifurcated \
terminal, grommet, glyptal, soldering, swaging,. torque; ratchet, \
thermal,'diagonal, insulation, geizer, fillet, turret, stress, \Q
grimp; harness, circuitry, ésmponent, ayringe, replacement*‘ The ° \\-:
trainges used the words correctly, sund they sgéfied the words
correctly. ’ - ‘

0f necessity, in the course of completing the {nstructional pro- . R
grams, the'trsihees jearned to read instructions cygefully,léo )
, interpret those iustructions, and to,foilow them exactly. This
was a difficult achievement for many 5f the students Who came to
the trainiug course with poor readiﬁg and study habits.

*

. _ A relateq problem for wmany trainees was that of learning inde~

pendently. Deaf sﬂhdents tend to be highly dependant on their

tégchers. in beginning their programs of self-instruction, most

trainees felt very uncomfortable in being asked to proceed on their‘

own, The final outcome for many trainees included a substantial = ‘ o

improvement in self-conffdence. -

As discussed on pages 53-56 "(Length of;Curgiculum) and indicated .
in Exhibit 28, the dats show that: trainees who had the hig:::;,gﬁ/
amination scores and produced the bes; workmanship also tend®d to
proceed through the course of aelf~1q£truction at the faacesc'pace.
" A prime‘variable in. the pace of- seifrinstruction vas that of the
individual period of 1uatruction. ﬂhe langer the daily period of
ins:ructiqn. the ‘faster the pace tended tb be. . 5

—
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*ﬁdapt%veness to Individusl Differences
Administra;ion>ofu;uatructicn thh during tryout and regular
school operations revealed the Bystem‘to be both flexible and .
adaptive to trainees' individual styles of responding to pro-

grammed textbook.snd filmstrip materials.’

The selirinstructional program materials were designed for & -

I
trainee to begin with a frame of text instructicn and its coor- . |
dinated freme of filmstrip, and’ then proceed ftame-by~frame N

through text and filmstrip simultaneously fox the &uration of each
instructional pq;iod. Some of the tr“rgees proceeded in exactly

this manver. Others, -however, would firast review the upcoming -

section of-text material only, “return to the beginning of the

section, and then proceed frame-by-frame through both text and

filmstrip. Others would begin each inéfructional period by first

_reviewing upcoming filmstrip materisl independently, &nd then

reCurn te re@give instruction frame-?y~?r&me from boih text and |

filmstrip. Coe ’ .

The iast patté#rn --- reviewing the filmatrip 1ndependent1y before
beginning frame—by—frame, coordiua:ed text and filmstrip instruc~
tion --- appeared to be the most prevalent. Traineea ware per-
mitted to proceed in ‘whatever way W33 most comfor;able for them.
o differences in learning ashievement were noted as the reault

of these different approachea to self-instruc&ion. : ' .
e [ . |

Another asgect of individual dif ences in nrxfaee behavior was
maniiestad is the inte:social relationahips betwesn trainees at

adjacent workbencheg. a0 - )

]
L4

Some traineea tended to 1ghoré one‘anq;her complerely« Other35

would moaitor thelir neighbors wurk, compare workmanship, and

; sometimes discuss the instnuction. Pairs of trainees a; adjacent

‘ workbenchea would somet ines pace each other, not trying to outdo T
oag another, but carefully keeping abreast of one another as they |
proceeded througg their programe. Others would compene, ahtempt~

ing to work as rapidly -as possible in ordgr to keep up vith faster

individuals. T o, T | . v |
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Trainges ap§eared ;o beﬁefiﬁ from comparing their work and pacing
one another, Howaver, the highly competitive individual typical-
ly tended to work faster than was good for hilk.- Hs would tend to
& skip instruction or nnt‘respwnd corvectly, and his workmamihip
would suffer. The teacher constantly would h:Ve to prescribe
remedial {nstruction and try to slow him down tn order to bring
his work up to standard. '/f

.

. q» » N . N -
+~ v €. Peer-Tutor Characteristics ,’:i i L .

a

Administration of the systam in @ multiple-workbench situation
appaared to stimulate highly productive peer-tutor félationahips{
among trainees. Without belng initiated by the teacher, 'these

. fela:iogshigs developed spontaneously in every group (Exhibit 39).

 Slofrer learners needing help would turn to those who were pro-
ceeding faster and doing ‘better. The faster trainee appesred to
Cr - enjoy the role of titor, and typicatly did an effective job.

- Once begun, constructive-peer—tdtor telationahiys werse strongly -
encouraged. They proved not only to be mutually ‘beneficial ro

the traineea¢ but alao were very helpful to the teacher. ‘Peer-

tutor relationéhlgs tended to relleve demands on the teacher's

time during critical periods of in;roducing new trninees into the
lysten,'adminiatering and grading examinations, etc. } ' /f

]
.ow

“p. Hocivational Aspects | ) -

.
5 «

g | ’ As noted in pages’ 56~58 (Trainee Entry Requirenente), a student's
: C behavior in the trglning system often was quite different from his -
S@haﬁror in other types of instructional situacions. - Trainees

wiﬁh limited attention span in the conven;ional classroom cypical*

ly would spend hours nbsorbed in their work at the electfonic

assembly workbench. ~ : .

-

The system tended to be highly motivacing for those trainees who
7 enterad inatruction vanting to learn,electronic aseenbly akilla, _
y \?rix\tended to maintain and strengthen the interest of those L

—_—

who at leaac were*willing to find out what the course was all nbouc.

\,"'~.-92..1oo/101 B "




There were no indicatfone of Hawthqmme effect '--_1nterest

1ia the conrse<d4d aot dininish as. th& novelty of theynyateu
wore off. To the con:rary, interedt increased &f the trainee
moved ftOI prbgran to grogran, adv+nc1ng t0 1§:reaszngly sore
.co-plex c:pccts of the eXeccronic asse:bler s job, learning
te use new :ools, perfecting the skills he vag learning,
gsining fncressed confidehce iu his ability to _follow'tech-
nical inszructioul and do glxctly vhat was tequixed and .

‘having the aatiafaction of 4ctu¢llx building something.

Ho a::enpt vas made to intreduce uéntvntional stimull into
., textbook or filmstrip couteqt. The chassis assembled by
each trainee were' non-functiannl. Notting built by the
trainea could be plugged in nnd sade to votk. This did net
aeqn to make any differenct. . .

During the Riverside sumser school r.ryoat ta 1969 (&e
?cgas 83-85), the t:ainaes uére cckgu on c-fleld trip to
tour the wanufacturing. faci*ithﬁh jf TRY Syste-s croup.
Redouda Beach, Califorpia.. ‘Th! vi

when most of the trainges h;d progressed mpre thsn b.lftuay

it wvas' made at a ttﬁe

through the series of sevén programs. One. of the tour gul&es
vas a- daaf electronic assenbler with several yecrc of on-the-

job experience at TRW Syscenn. o R

~

Trainees had the opportunity to see skills they-were learn-
1u§ sctually betng applied.in real-life work situations.

They watched while assemblers put tosptﬁer camponents for
spacecraft an§ Yompunication satellgten --~ in many instances
workiﬁgeuitﬁ‘types of assembly instructions and wire harness

boards almost ‘dentical te those in the training system.

<« # - ’ \ LR

The experience was highly stimulating. A cowmparable field
trip would be recommended for every trainee who goes through

the system. . ’ o
P




E. Syetem Admi'nistration / . .,

N . / 4 - =" . / . . v

A very comprehensive determinanb ‘of ihstructional effectiveness
is that of system management .and ad inigtration. The trainee

- . always must be’ able to find tools, arts, apd materidls exactly
where they are supposed to be on the workbench at the moment he

» ot
E . needs them.. Making sure that eve thing is where it.,ds supposed : -

K‘“ . . " to Be is an imporant part of the teachier's job. In addition,-the‘V
' T _ ,teacher always‘must be svailabl when a trainee needs him.
. . No matter how;few self—instruct onal workbénches are occupﬂed
| administration of the system 1£4a full—time job. ~

+

REREY Y discussed on bages, 58—39 (ieacher Requirements}, the most 1m—'ﬂ v
portaﬁt qualification for ths teacher is a knowledge of electronic .

4 assembly technEques and standards. Experien%e in initiating in- o
Lo ' struction at, the California Schools for the Deaf, *Riverside and . »7 -

*. Berkeley,.during the fall semester 1970, has botne this out.

Ve
. None of the tedchers at the’four demonstration and evaluati\n . R
- ’ sises had previous experience in deaf education or in communicat— '

. . _ing wfth the deaf. All of them had experience in electronics,‘

+ . . 2 N

- ) . . h - N\
Coe however. - .. N St N

At American School for&Ehe Deaf, West‘Hartford Conneqticut, ‘the
system was introduced into the curriculum by Edmond Cassetti, '
Direcctor og Vocational vdﬂcation ‘and’ Rehabilitation Services u'--é§’ ’ °

(Exhibdt 40)7 To tesoh tpe course, Mr. Cassetti hd himselgfhas . - 2

. C : experience in electronics, selected Paul Rakyta, wh ame to he
’ ' school dfrectly from 25 years in the electronics industry. -

" o ' The teacher at the Salef” Kehabilitation Facility, 0regon, is Mrs.‘
iosephine Copple (Exhibit 40). Mrs. Copple previously had in-
* structed and supervised wire harness building and other electgpnic

b-\\
- _ sssembly subcontract work at the Facility's sheltered workshOp. T
he - . . . . ! - ) \

*
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_the tryouts administered by projact personnel and consultants.

1s a valid ore for this particular instructional application.

" has more than fulfilled expectations. ' - : }ﬂ

Genald Peterson (Exhibit 41 ) the teacher at the Califorhia
S¢hool fog?the Deaf Riversides is a':ecent coflegi graduate in

-

education with elect%onic experience-both in the Navy,and in®
industfy . t ' C ) \

t
" L
s

© Sam Nolan (Exhibit 41),‘the teaEher at the CaIifornia $¢hool for .

Jfa
the Deaf Berkeley, is a 25—year retired veteran of Naval elec- L
tronycs wﬁb’came to the school directly from a job as an electronic*

~.

technician in a govefnment research laboratory' = I - .
ey .. R : : .

"To date, ,no major problems in svstem administration have emerged ,'h'
at the demonstration and evalua;#on schpols" The minpr diffi—
culties encountered have been typichl of what might be expected — }
during the start-up of any innovative eourse by a teacﬁpr with no ,

_.previous experience in deafveducation. “At both Riverside ‘and . .t T e

- Berkeley, the ' trainees'- pace of adﬁancement and the quality of R

their work have been consistent yitb what was produced during

¢
.

Application of the Instructighal Concept

»

: EXperience to date indicates that the instructional model upon
-which the system is’ based (see pages 6-8, Instructidnal Concept) < -

" The combination of programmed frextbook and filmstripnmaterials

.

3 -

[

As recently as’ the summer of 1969, consultants in deaf education ‘
and electronic assembly were.; :continuing to estimate that it would
not be possiblefto successfully administer the system to an indi-
vidual with a reading level- of lower than sixch grade. The B

jlachieczment in¢13hering that grade level to 3. 5 is a direct re-

sdlt of the careful planning and construction of lesson content oL .

and the developmental testing,yprototype try0ut, and f%vision :
- ™
procedures which were followed in program development._ . .
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STk The concept which ynderlies. the combining of programmed ‘textbogk
. . - and filmstrip\mhterials in the system Is one of complementary
. " communication. Lesson presentation does not consist ‘of text .

- : m?terial illustrated by the filmstrip Neither does it’ consist
of, a f{lmstrip presentation supplemented by text .

. A . 4

e 2 The Specific-objective of each step of lesson presentation was

o
R analyzed to determiné how each of the’ media could be used in its -
own best manner to the fullest effect for communicating instrucm

~ .

.f tidhaI’content. Text ‘and filmstrip materials were then developed

- N
concurrently. Thetaim was to make programmed textbook and film-

vstrip content as _complementary and mutually reinforcing as

el ERITE prSSible, while at the. same’ time avoiding redundancy and keeping

" : "the @ommunication as simple and as unambiguous as possible.

.

f

t oy . ?5», ' The success of the instructiona} concept ‘and the programmed text-‘
P bodk/filmstrip approach for deaf high school students has suggested
- ;thd{‘fhey,might be just as valid not only for other handicapped
- populations, buf‘also for. individuals with a broad range of learn-
PR . s ing problems. The adminlitration of the. instructional system at
' . ‘the Salem Rehabilitation ac/lity will test fhis possibility dur-
\ B ing.the coming year. :‘° " | .. : N

v. - R . -
q_ 'd‘ “(;; has been suggested also that the instruc2§3hal system‘might
prove effettive for learners with English as a second language,
~. .e g., Spanish-speaking populations. The supposition is that the ,
‘system not only would succeed in teaching such ‘learners vocational :
skills, but also might substantially improve their English
“lancuage skills. ,This rema;ns to be determined : i

T \What is most ev1dent at present is that>the insttuctional concept '

BRI . o and the média approach.used in the electronic assemﬁly system

, : )
'.\ : j‘vocational subjects. Suggestions have- included vocational area

the electronic technician

’ i
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-In the Electronic Assemb}y Self—Instructional‘Training System/for
the Deaf, the conceptzwdfksi It lends itself to practical appli-
cation in an operational school situation. "It results in learn-

"ing. The 1earners appear tp enJoy “the emperience. h

The'Project Director visited the California'School fp; the Deaf,
-Betkeley, during the first week of system administratien-during
the fall semester 1970. As he was leaving: the electronic assembly
classroom at the end of the second day, one of the tfhinees handed
him a note. The trainee was a young girl who was having an’ ex-
tremely difficult time, and who was advancing more slowly than

the rest’of her group. The note is Exhibit 42. - . .

b

Exhibit 42, Note From T'ainke..




